
MASSACHUStTTS INSTITUTb OF TECHNOLOGY 

AEROELASTIC AND STRUCTURES RESEARCH LABORATORY 

Technical Report 10/ 1 

August, 1964 

PROGRAMS FOR MACHtNE COMPUTATION 

ROTOR BLADE DOWNWASH 

by 

Nancy Ghareeb 

REPORT UNDER 

US   Navy 

Bureau  of Naval W.eapons 

Contract NOw  62-0100-d 



MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

AEROELASTIC AND STRUCTURES RESEARCH LABORATORY 

Technical Report 107-1 

August,  1964 

PROGRAMS FOR MACHINE COMPUTATION 

OF 

ROTOR BLADE DOWNWASH 

By 

Nancy Ghareeb i r — • -, 

i i w 11 — 

'■■■ ■  J. er 
v.  Ö ■VS' 

JTT 
REPORT UNDER 

U.S. Navy 

Bureau of Naval Weapons 
Contract NOw 62-0100-d 

m^^ mm 



Program IA 

Program IB 

Program II 

Program III 

Appendix A 

Appendix B 

Appendix C 

Appendix D 

Appendix E 

Appendix F 

TABLE OF CONTENTS 

- Computation of Downwash due to Trailing Wake 

- Computation of Downwash due to Shed Wake 

- Original Straight Line Approximation to Wake 

- Rotor Load Analysis 

- Program for V, - Trailing Wake 

- Typical Results from Program of Appendix A 

- Program for Vj - ShedWake 

- Typical Results from Program of Appendix C 

- Program II with Typical Results 

-Program III with Typical Results 

PAGE 

1 

13 

18 

24 

32 

39 

49 

54 

62 

71 

n 



PROGRAM IA - COMPUTATION OF DOWNWASH DUE TO TRAILING WAKE 

This program computes the downwash at the rotor blade using Equation 15 of 

Ref.   1.    In this program the symbol, V,, is used for w. of Ref.   1 and x for   >9   . 

The chord variation, x, of Ref.   1 is here assumed to be zero.    The computational 

techniques involved in the solution of this equation by numerical methods are chiefly 

those of integration and harmonic analysis.    It was decided to perform the numerical 

integration by Simpson's rule (an approximation of the curve by a series of second degree 

parabolas) since this method seemed most appropriate to the nature of the function.    Ex- 

pressed symbolically, this means that given a function, y = f (x), then 

rh n -1 n-2 

j    ydx = f (yo+ynM2   y} + 2l2   y\ 
i=l i=2 

where y   = f(a) and y   = f^b), i = odd integer, j = even integer 

For ease in programming, a sepdtate subroutine was written to perform the harmonic 

analysis.    This was done as follows: 

Let g(x) represent the function to be analyzed, 

then g(x) = a   f ^p"?     (a,   cos k x + b,   sin k x) where the a, 

and b,   ure defined in the following relations: 

Q 

1 
rQ + 2Tr 

Oi   = — k     w    J 
Q 

Q + 2IT 

g(x) co» k x  dx 

g(x) sin k x dx (k^O) 

*■  R.  H.  Miller.    "Theoretical Determination of Rotor Blade Harmonic Al rloads. " 

M. I.T. ASRLTR 107-2, 1964. 
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This analysii 1$, of course, applicable only for a range of 2TT  (Q —^ Q + 2IT).   The Inte- 

gration again was performed using Simpson's rule. 

The programs are written in Fortran II and should be operable at any IBM 709 or 

7090 installation with one exception.    The Massachusetts Institute of Technology Compu- 

tation Center at which these programs were developed assigns logical tape numbers to 

physical tapes as follows: 

Physical Logical 

A, 1 

A2 4 input 

A-^ 2 output for printing 

A4 8 

B1 5 

B2 6 

B3 7 

B^ 3 output for punching 

Interval sizes of 7. 5   for fi^ and 7. 5   and 2. 5   for)^ used with an m of 3 and 

QT of - w-   have produced results of sufficient accuracy for the present purposes. 

CAUTION:   Care must be taken in selecting interval sizes so that an odd number of points 

is to be used in each integration. 

The Function V, (y^x)   - Trailing Wake 

|-2iTm+y/>y [i\£+dcoi(p -x cosOc-^psin^l -Mxsin^]ci4> 



where K, = K    cos T\d>   + K   sin n(p 

d = M ((2n m + ^ + y) - ^ ] 

2= ;i((2imi-^y) -^l(1.0 + a ccs^)   - b0 (/-x ) 

This program computes the value of the function for Kc= K$ « I for each^ - x pair jsed at from 

one to four values of y for a given number of values of 11/.    A value of zero is assumed 

to be among the y's read into the computer for each   X-x pair, so that If only one value 

of y  is to be used that y must be zero.    The integration for the y = 0 case only is split 

into two sections and integration performed between limits of  U/+ y—>2nm+'l/r>-y + QT 

and 2nm + l/r+y   + QT —>   2nm +]//"+ y.    The results of the latter Integration are 

termed ZAPSI (z {&)) for the cos component and ZBPSI (ZLCI/O) for the sin component. 

The results of integration for the first section and the results of integration for any other 

y's are termed YiPSI (i = 1,2,3,4,5,6,7,8).   The odd integers are assigned to the cos 

components and the even integers to the sin components.    The i's will correspond to the 

y's In the order In which the y's were read into the computer. I.e., YIPSI and Y2PSI will 

be assigned to the results for the first y read Into the computer. 

Next the YiPSI terms are summed at each Vf .    The sum for the cos components Is 

called CHI (v) and the sum for the sin components is called SIGMA (o").    Harmonic 

analysis is then performed on each of the four functions,  V , cr, z
aty)f and ZJO/O • 

The time required to obtain results from the IBM 7090 computer for one 1-x 

combination with 3 y's, m = 3 and interval sizes of 7. 5  ,7.5   and 2. 5   is approximately 

two minutes. 

Subroutines required with this program will be described in the following pages. 

The listing of the program in Fortran II    xjether with the subroutines is given In 

Appendix A. 

Typical results are listed in Appendix B. 



Phyticol Explanation of Symbols 

y*  &   rotor azimuth measured from blade downwind position 

y   ^   blade spacing (cf. J ) 

m   Ä^  number of wake spirals 

v1{^rx)^w1(^r,x) 
0  £& rotor span parameter 

0   Z& azimuth of wake measured from downwind position 

x   ^3^ rotor span parameter (y of Ref.   1) 

n Äi harmonic of rotor speed 

\\ ZS£ advance ratio 

z    —     vertical distance travelled by rota hub 

Ji    -      horizontal distance travelled by rotor hub 

b    -    coning angle 



Input Format 

Card No.  1       L KL NP II MM NN QT 

12 12 12 12 12 12 E13.8 

Card No.  1A    BO (FORMAT E8. 3) 

Card No. 2      EMU      AMBDA      EM DEPSI DELPHI DELTA K        IJ 

E8.3      E8.3        E8.3 E13.8 E13.8 E13.8 13      12 

Card No. 3      A IK 

E8.3    12 

Card No. 4      ELK       IL 

E8.3    12 

Card No. 5      EN        IM 

E8.3    12 

Card No. 6      X IN 

E8.3    12 

Card No. 7      GAMMA 

E13.8 



Explonotion of Symbols 

L 

KL 

NP 

II 

MM 

NN 

QT 

BO 

EMU 

AMBDA 

EM 

DEPSI 

DELPHI 

DELTA 

K 

IJ 

number of harmonics to be computed in the Fourier analysis 

+ 1 —^   print optional table No.  2,  -1    —>     suppress this print out 

interval at which table No.  2 is printed (i. e. , + 1 will cause printout of 
integral at every ^f used,   + 2 at every other "dr etc.) 

number of times card No   2 is to be repeated 

+ 1  -^ print optional table No.   1,   - 1 —^  suppress this print out 

interval at which table No. 1   is printed (see NP) 

determines limits of integration for y = 0 case (i.e., QT = - "S will cause 
integration from   yr + y    to 2^+ y + 2nm - IT/2 and from ijf^ y + 2iTm - -n/l 
to  ^ y + 2nm) r 

b 
o 

M 

X 
m 

interval size used for   fj/' 

interval size used for di [ in y = 0 case,  in region  ^+ y->^r+y + 2Trm + QT^ 

interval size used for 0   for y = 0 case in region J^r+y + 2Trm + QT to 
^•+y + 2iTm ' 

number of points of llr to be used in harmonic analysis 

number of values of a to follow 

A 

IK number of values of  X.   to foil ow 

ELK 

IL number of values of n to follow 

EN 

IM number of values of x  to follow 

X 

IN number of values of y lo follow 

GAMMA 



Output Format 

MU= LAMBDA = M 

DELTA PSI= DELTA PHI (1) = 

N= L= A= X 

DELTA PHI (2) = 

CHI 

A - ZERO = 

A -k= B -k = 

1 i 
SIGMA 

A - ZERO = 

A-k= B-k= 

I I 
ZAPSI 

A - ZERO = 

A -k= B -k = 

i 1 
ZBPSI 

A - ZERO = 

A-k= B -k = 

I 1 
(Optional Table No. jj 

CHI SIGMA 

i I 
[Optional Table No.  3 

PSI Y1PSI 

i i 

PSI 

I 

Y2PSI 

1 

ZAPSI ZBPSI 

i I 
Y3PSI Y4PSI etc 

i i 



DELTA PHI (1)   »     DELPHI [ see explanation of symbols (input) ] 

DELTA PHI (2)   ^     DELTA 

A - ZERO   **   constant term resulting from Fourier analysis 

A - k   st?   coefficients of the cos k Tfr   terms resulting from the Fourier analysis 

B - k   «    coefficients of the sin k lif    terms resulting from the Fourier analysis 
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Subroutine Hornol (PSIf FPSI) 

This subroutine performs the actual harmonic analysis as previously described. 

Information is transmitted to and from this subroutine by means of a common state- 

ment. 

w here 

COMMON PSI, FPSI, I, L, K, DEPSI, AQUAY, BQUAY, A-ZERO 

PSI - variable 

FPSI - a function of PSI 

I - an indicator to show type of function so that excess computation is 
avoided,  i.e., +1 -*    an even function, + 2 —♦   an odd function, 
♦ 3 -^   function Is neither even nor odd.    This is automaHcally set in 

(MAIN) 

L - number of harmonics to be computed (maximum = 20) 

K - number of values of PSI to be used, must be on odd Integer >  3 

DEPSI - interval size used for U/ 

AQUAY - output - the coefficient« a-k of the cos V^r terms 

BQUAY - output - the coefficients b-k of the sin k^terms 

A-ZERO - output - the constant term 

It is assumed that the table of "äs wildescribe a range of 2» if the Function is neither even 

nor odd and otherwise a range of w. 



Subroutine Prince (L, AQUAY, BQUAY, A ZERO) 

This subroutine prints out Hie results of the harmonic analysis in the following form: 

A-ZERO = 

A - 1 = 

A -2 = 

(   <    constant term) 

B - 1 = 

B -2 = 

A - L = B - L = 

(coefficients of cos k it terms) (coefficients of sin k l/r terms) 

An optional version also punches these results. 
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Subroutine TRIP (CHI# SIGMA, PSIf ZAPSI, ZBPSI, NNf K) 

This subroutine prints optional table No.   1. 

Subroutine PRICK (NP) 

Information is transmitted to this subroutine via COMMON.    It is used to print op- 

tional table No.  2.    The subroutine must conform to the number of y's used in MAIN.    If 

3 y's are used PRICK must output PSI and YIPSI (i = 1 to 6).   The present version is written 

fcr three y's, hence some modification will be necessary if a different number of y's is to 

be used. 

11 



Sample Data for Program IA 

Card No.   1       10+1 + 1+2+1 + 1-. 15707963 E + 1 
Card No. Ifl     +. Ofc9 E + o 
Card No. 2      + . 100 E + 0 + . 500 E - 1 + . 300 E ■»■ 1 + . 13089969 E + 0 + . 13089969 E 

+ 0 + . 43633233 E  -1+49+1 

Card No. 3 + . 500 E + 0 > 1 

Card No. 4 + . 100 E + 1 + 1 

Card No. 5 + . 300 E + 1 + 1 

Card No. 6 + . 550 E -t- 0 + 3 

Card No. 7 + . 0000 0000 E + 0 

Card No. 8 + . 20943950 E + 1 

Card No. 9 + .41887901 E + 1 

Card No.  10    + . 100 E + 0 +.200 E - 1 + . 300 E + 1 + . 13089969 E + 0 + . 13089969 E 
■♦- 0 + . 43633233 E - 1 + 49 + 1 

Card No.  11 + . 000 E + 0 + 1 

Card No. 12 + . 100 E + 0 + 1 

Card No.  13 + . 000 E + 0 + 1 

Card No.  14 + . 975 E + 0 + 3 

Card No.  15 + .0000 0000 E + 0 

Card No.   16 + . 20943950 E + 1 

Card No.   17 + .^.1887901 E+ 1 

Note tfiat the data block (cards No.  3~* 9 ) following card No.  2 must be repeated 

(cards No.   11 —^^ ) even though some of the parameters are unchanged. 
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PROGRAM IB - COMPUTATION OF DOWNWASH DUE TO SHED WAKE 

This program computes the downwash at the rotor blade using Equation 21 of 

Ref.   1 with the symbol, V2, substituted for Wj and x for   »p    as before. 

iK y^2itm 

K2(^; 
x sin jty-P) -*- d sin ^ 

^z2 ^ (x sin(^-^) *• d s\n~d>)r_ 

6 coifi -x cos {f-h ~ £  + d cos^ -x cos(yM)   . 

^W^-l^coity-f) I 2d(icos^- xcos^) -[/  x2.z2,d2.2xd ^ 
d ft 

d= M ((2 n m ^yr^ r) -i] 

2=^((27Tm^yr^y) -^] 

K^(©) = K    cos n(h   + K   sinn© (K   and K   are set to 1.0) v   c s 

This program evaluates the integral in two steps.    For the first step (from W *- y 

2 if m + llf + y + QT ) integration is performed by Simpson's rule using Ko as defined above. 

The results of this integration are labelled S1PSI for the cos component and S2PSI for the 

sin component.    For the second step cos n (p  and sin n 5) are expanded to 

sin ni^l-f) sin nür+ cos n(]/r-^)) cos n^and 

cos n ("^ -^) sin n l/r  - sin n (l/r -0) cos n lif respectively. 

The integration is then carried out from {llf + y *■ 7 rt m + OT) to {uf *■ y *- 2 it m) using 

K~ = K    sin n (l(r -d^) sin nl/r + (-K ) sin n {llf-fi) coi rwjr.    The coefficient of Kc is cal led 

S4PSI and the coefficient of (-K ) is called S3PSI.    The value of the function at the upper 

limit is approximated by setting (T) -  ^P   ~ 1/2 A W.    This gives a very good approximation 

when the interval size used in this region is on the order of 2. 5  .    Harmonic analysis is then 

performed on all foor of these functions (SIPSI,  S2PSI, S3PSI,  S4PSI).     This program does 

not consider those terms involving cos n (y -ft). 

The time required for one case on the IBM 7090 computer (one x,  one ^, one y) is 

approximately . 5 minutes for a 7. 5    interval size and m = 3. 
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Subroutines HARNAL and PRINCE are used with this program.    The program used 

for V~ is listed In Appendix C with typical results In Appendix D. 

Input Format 

Card No.   1        L NP KL 11 QT 

12 12 12 12 E 13.8 

Card No. 2       EMU        AMBDA EM       DEPSI        DELPHI       DELTA        K IJ 

E8.3        E8.3 E8.3      E13.8       E13.8 E13.8        13        12 

Card No. 3       EN IK 

E8.3 12 

Card No. 4        GAMMA IL 

E13.8 12 

Card No. 5        ELK IM 

E8.3 12 

Card No. 6 
X 

E8. 3 
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Explanation of Symbols 

L 

NP 

KL 

II 

QT 

number of   harmonics to be calculated 

interval of printing (+ 1   —^   print integral for every j/r used, +2 for every 
other ^r , et c) 

- 1   -»   print table of SiPSl, + 1   —>   suppress fhis table 

number of cards No.  2 to follow 

determines limits of integration (QT = - ~ will cause integration from 
j/r-t-   ytoyr+yf2TTm- IT/2 and from     i/r+y-*-2itm - TT/2 to 2 ff m 

EMU 

AMBDA 

EM 

DEPSI 

DELPHI 

DELTA 

K 

IJ 

M 

X 
m 

interval size to be used for   'dr 

interval size to be used for S in region  'W'+ y  —>   2 ir m + y*" + y 

interval size to be used for (p in region 2nm + p'+,)r + QT —^  2 IT m + 

number of values of t/r to be used in the harmonic analysis 

number of values of n  to follow 

t + y 

EN 

IK number of values of y  to follow 

GAMMA y 

IL number of values of X. to follow 

ELK 

IM number of values of x  to follow 
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Output Format 

MU = LAMBDA = M = N = GAMMA= L = X = 

(optional table) 

PS! S1PSI S2PSI S3 PSI S4PSI 

S1PSI 

A-ZERO 

A -k = 

v 

B -k 

S2PSI 

A-Zero 

A -k = 

y 

B -k = 

\' 

S3PSI 

A-ZERO 

A -k = 

'' 

S4PSI 

A-ZERO 

A -k = 

w 

B -k = 

V 

B -k 

16 



Sarrple Data for Part I,  B 

Card No.   I        10 H - 1 + 1 - . 15707963 E + 1 

Card No.  2      + . 100 E + 0 + . 500 E - 1 + . 300 E f 1 f . 13089969E + 0 -»■ . 13089969 E 
+ 0^ .43633233 E - 1 ^49 + 1 

Card No.  3 + . 300 E + 1 + 2 

Card No. 4 f . 0000 0000 E ^ 0 + 1 

Card No. 5 +.  00 E + 1 + 1 

Card No. 6 +.800 E + 0 

Card No. 7 + . 20943950 E + 1 + 1 

Card No.  8 + . 100 E + 1 + 1 

Card No. 9 + . 800 E + 0 
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PROGRAM II.   ORIGINAL STRAIGHT LINE APPROXIMATION TO WAKE 

This program attempts to define the trailing wake,  "w", by means of the very much 

simplified expressions given below (see Ref.   1): 

w=       [   -        .       2 ( y - 7 ) cos S  except for   $=0       (1) 

Z     My - ^ )   cos A 

where     y = d cos^fl/f 2 - d2 sin V     (la) 

♦ d=MIS+  f- ^ ] (lb) 

Z= "M 5 +^-   <f>\ -oo(J -y)       (1c) 

+dsin/'= ^ sin  [j-f) (Id) 

tan(^ -  ^-  § )=   -Hcos^ (le) 

Values for  p  were found by combining equations (lb) and (Id) to give on expression 

of the form f (^P ) = 0.0.       An initial guess was made for    jp   and that guess improved 

by a Newton-Raphson iteration where the improved^equalled the original ^minus f(0)/ 
J 1 
n[^6).    [f ( 0 ) represents the derivative of f(^>) with respect to p |. 

When 5 = 0 Then    w =   -J^- 1    " sln S 

U-y)   cos§ 

whe.o      ^tan"1   (       *     COS   ^     ) 
i^psin ^ 

since      <p =   V'   t 6= 1 = 0 y= I 

This program also performs harmonic analysis of the function as summed overthe blades. 

The function AnRw/p      and its harmonic coefficients are also punched out In a format 

suitable for Input to Program III. 
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This program was written in FORTRAN II.    It requires approximately D5 minute 

on an IBM 7094 computer to handle a case of oneJ[, one  V , one p, and   yt,   ami 

4   r    at intervals of 15    in   fJ .    The program was developed at the Massachusetts 

Institute of Technology Computation Center in Cambridge, Massachusetts. 

This program requires two subroutines: 

OUD1 -   to compute d andf- J^ 

HANEW - to perform harmonic analysis 

NOTE:   INPUT AND OUTPUT are taken care of by 

WRITE OUTPUT TAPE 2- 

READ INPUT TAPE 4 — 

Therefore, it may be necessary to change an IOU table to correspond. 

A list of the logical to physical tape correspondences may be found under Program 

IA. 
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EXPLANATION OF SYMBOLS 

I - circulation 

K = rotor radius 

d = horizontal distance travelled by rotor hub 

z = vertical distance travelled by rotor hub 

Y = rotor span parameter (equivalent to > in program 1) 

p = advance ratio 

A = inflow normal to rotor disc 

Y - rotor azimuth 

JL - rotor span parameter 

a = coning angle 

S = blade spacing 

* = angle between vortex line and a perpendicular to the blade 

0 = wake azirruth 

20 



INPUT FORMAT 

Card No.   1     II IK NZ   NH  K       DEPSI AO 
12 12 12     13  13       E13.8 E8.3 

Card No. 2        EMU AMBDA IJ 
E8.3 E8.3 12 

Card No.  3 EL ETA 
E8.3 E8.3 

21 



EXPLANATION OF SYMBOLS 

II a counter to be set equal to the number of tirres Card No.   1  Is to be repeated 

IK a counter- to be set equal to the number of times Card No.   2 Is to be repeated 

NZ the number of blades to be considered 

NH - the number of harmonics to be considered when performing harmonic anal/sis 

K the number of values of JLat which the function Is to be computed,  must be odd 

DEP5I -  the Interval size to be used for y* 

AO        = a 
o 

EMU     = M 

AMBDA = "^ 

IJ = counter to be set equal to the number of times Card No.  3 Is to be repeated 

EL =/ 

ETA       =^ 

22 



OUTPUT FORMAT 

—     BLÖDES MU = LAMBDA = L=        ETA = DELTA PSI = 

PSI TOTAL WAKE 

i i 
HARMONIC ANALYSIS 

A - zero = 

A -i= B - i = 

CONTRIBUTIONS FROM INDIVIDUAL BLADES 

HereMU=M      LAMBDA = 7i   , L = >^ , ETA = 7   , PS! = ^ DELTA PSI = interval 
size used in   16   . 

CONTRIBUTIONS FROM INDIVIDUAL BLADES - These blades will be W 
4 TT R 

calculated at specific blade spacings or values 

of 3  in order of    increasing J^« 

TOTAL WAKE - This column will be the sum of W —«—   over all blades at ecch   ^ t 

A - zero — constant term resulting from harmo  'c analysis. 

A - i    Äi       coefficients of the i     cosine te '        suiting from harmonic analysis. 

B - I   ^ coefficients of the i     sine terms resulting from harmonic analysis. 

There may also be an error message. 

NO CONVERGENCE AT ZETA = .   This message -vi 11 be printed out if there is 

no convergence after repeating the iteration ten times. 

In this case,  the component of the trailing wake under consideration is set to zero. 

23 



PROGRAM III - ROTOR LOAD ANALYSIS 

1.    Description of Procedure A 

The nondimensionalized trailing wake, V^ ( JU) Is defined over a range of 

0 —•■ 2n in the azimuth angle   yS .   Values of jf generally vary by   75   or 15  .    For 

any given configuration,  "m" values of  19    and "m    t- ] " values of s   , where  / and 

^    are rotor span parameters, are considered^o  that there are "m    +• m" sets of 

V, C^).    The members of these sets are designated as A.,   ( <//)   where "j" refers to a 

specific value of  ff   and   k refers to a specific value of / .    Harmonic analysis with 
2 

respect to y* is performed on each of these sets, so that thrre are also "m    + m" series of 
?t 

"2n + 1" harmonic coefficients   P and Q such that A..   {(/) *    P       +        T 
ik o.. f-* 

|k <•/ 

( P.      cos '\ P +   Q .        sin i il^).    In the following write - up,  i will always indicate 
'jk ' jk 

a harmonic,  i a specific value of *t , and k a specific value of / . 

A.    To find the load coefficients, a system of "m" equations is set up: 

m 

x0. = vr   Z [(4?'9'";,o,)(poit-
poittl

)l -^a"i 

and the \     are determined.    These may then be compared with the   " A " or 
0i 

" ^ "'s used in calculating the P's and Q's.    If desired an iterative process may be 

set up, replacing the " X"   with the X       , until reasonable agreement is obtained between 

X   and the range of ^ 
o. 

* ^+5+2itM 

j 
5^ 2TTM 
f 1 j (j  > 6 co%t- IcosiV-P) I M sin^)   - M7sin^Jd0 

J \ I7 ^ 62 > *l2 > Z2 - 2^J! coi{f-f>) * 2*6 coifi -2^7 d cos^l 
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A   ^.     and a   ^.    may also be obtained. 

m 

A;c. = -^ 2Z      ntet-AXP,  -P;     ) 
I t = 1 t it jt ^  I 

m 

Ai,.^ ?r   E. (7tet-\)(Qi  -Qi,   .> 
t = 1 t |t |t +   I 

B.    The time history of downwash  A ■ ( ^) is calculated in the following manner: 

m 

n 
An alternate method    [ A • (^) = /\     +   V      (A-     cos i^ A     sin i f^) 1 

I 0; /   -K 'C« 'S. 
1     i=l 

was rejected, because it did not appear to give a very accurate reconstruction, unless 

some rather high harmonics were included. 

C.    The distributed airloads L    /       v   for n > 2 are calculated for each"*?, as follows: 
n (c, s). 11 

Let Y.     = F. X •       - G . A • where i = 2,3,4/5,6.7and F and G are 
IC. I IC. IS. II     L   ..       .. -l I        ' I ' | generally^ but not necessarily, constant 

over i and j. 

and  Y.    = F. A •    + G.  A- 
*   IS. I      N  IS. I    ^ IC. 
II I 

Then L.    = cl*! . Y .     4-Ji-ly.     . -y.,        ill 
ic.        t ' j       ic.       2 *  i t 1 , s. '"•, *• J i(c,s).for  i = 3,4,5,6 

C is a conversion factor, depending upon tfie dimensions of the test 

model under consideration. 
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D.    The load function L. {j) is computed in Kvo parts: 

(1) L  ,    m <(7j  '  Msln  ^)   Aji^) 

(2) L^   (^)= ♦ C {e.i^ j2^2^) -7jHa1 

i 2 
f ^pB^. -a1 (7.    -P'^p2)) sin^*  [b^Y-V/^-H °07il cos/- 

2 ,    9 

* (^bl7i "   "^ %)^n2^' (pa^. --f u^j) cos 2^ 

•ii-   a]sln3^     -   -V  b^osS^J 

L   (^)=   L,   (^)-  LG   (^) 
i i 

C Is again a conversion factor, and a   , a,, b, are geometric parameters 

(blade coning angle and first harmonic flapping). 

L. (TO is also computed with the zero-th, first, and second harmonics eliminated. 

(The third harmonics in Lp   (^O are considered negligible.) 
i 

L(^)=C^7j  •MSin^)^.(^)  -7A0   -   -^    AlSj 

I I ' I I 

"(Ti^c.- -^-'"v ^ ^3s.>"s2^-(7i^s.ti7Aic.--,r\.>si"2^J 
I I III 

NOTE:   If it Is desired to do a case wheie the number of I's is not one greater than the 

number of V ,  then a different procedure must be used.    Suppose Program II has beenrun 

for five values of ^and two values of / . 

7,      = /» I P - P        I     - p tan I 
o.      / o., 0.0 I I" |2 

A ic.     / 1., I.« 
I I1 K 

^ f>\   Q       -Q     J and fj= 1-^5 1 
si   / il i2 

Aj    W)=f>  (Aj^^) "A ^(^j     -ptani 
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Where/> is an appropriate conversion factor.    A rough approximation would be 

b      times the average (^.ö.- ^ ). 
TT Ml 

These "^"   nnust then be put into tie appropriate card format for input data 

to Program III C.    If a small computer is available it is easy to write a simple program 

to do this. 
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2. Description of Voriobles 

V, (|r) = nori'dimensionalized trailing wake for 

Y   -   azimuth angle for rotor 

O   =   determined by blade spacing 

M =   number of wake spirals 

Ji'V   =   rotor span parameters (^ is the same as'X'tn progran  I) 

d, Tit    =   horizontal and vertical distances travelled by rotor hub 

|j =   advance ratio 

ft       =   azimuth angle for wake 

m =   number of values of ^ under consideration 

n =   number of harmonics taken in harmonic analysis of   V, (j^) 

ic or is = indicates an ith cosine or sine harmonic resulting from harmonic analysis 

j =   indicates a specific value of ^= V. 

k =   indicates a specific value of ^= J, 

F = lift deficiency function - from data obtained from shed and harmonic trailing wakes. 

G = lift phasing function - from data obtained from shed and harmonic trailing wakes. 

3. Program Mechanics 

This program is written in   FORTRAN II.    It requires approximately . 3 minutes 

to handle a case involving five values of yon the IBM 7094.    One subroutine "CROUT" 

Is used to solve the system of simultaneous equations.    A maximum of/'?', 6,  F or G, a 

maximum of   50 values ^ , and a maximum of 20 harmonics may be used.    This program 

was developed with the aid of the facilities at the Massachusetts Institute of Technology 

Computation Center. 
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INPUT FORMAT 

Card No.l D^SI     BOER     TANMU     EMU 
E13.8       E8.3         ES. 3       E 8.3 

CF       II     M 
E8.3     13    13 

KP 
13 

NH 
13 

NGP 
13 

I2P 
13 

Card No.2   ETA (1)      THETA (1)            F(l) 
E8.3         E8.3               E8.3 

G(l) 
E8.3 

This card format must be repeated "m" times in succession 

Card No.  3 

A. If   I2P= 1 

1. A(l, J, K)     5E14.7 1 a 

2. 8(1, J, K)     6E12.5  ) 9roup/ 

These cards are to be grouped by"^ then by  I    i.e. , hold   ^   constant; 
en^er i. and 2.  for ^ followed by 1 and 2 for J * etc. , up to Land 2.for /     ^   . 

thon consider ^= y* and repeat the process. 

B. lfl2P=2 
In this case the ordering will be the same, except that each subgroup of 

1 and 2 will be augmented by 3 and 4 

1. A(l, J, K) 5EI4.7 

2. 8(1 ,  J, K) 6E12.5 

3. C(K) 5E14.7 

4. D(K) 6E12.5 

in this case 1 and 3 are added together as are 2 and 4. 

Card No. 4      AZERO AONE BONE 
3E8.3 
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Explonotion of Voriobles 

DE PS I = interval size used for  ^ 

BOER=   ^ 

TANMU =   -u ton i 

EMU= M 

CF = a conversion factor depending on the geometry of the model being considered 

II = number of times Gird No.   1 is to be repeated 

M = number of values of 'n 

KP = number of points of   yS 
th 

NH = number of harmonics ( o     term + all cos coefficients + all sin coefficients) 

NGP = number of card No.  4 to be input 

I2P =   +2 indicates C and D arrays are to be input, + 1 indicates only A and B are 
to be input 

ETA(I) = 7. 
THETA(l) = e. 

F(I)=F. 

0(0=0; 
A(l, J, K) = harmonic coefficients resulting from the harmonic analysis of B(l, J,  K) 

6(1, J,  K)      "KP" values of the trailing wake functiorv(lf the function has been separated 
into near and far wakes, this will be the far wake portion) 

*" C(K)      harmonic coefficients resulting ^omlhe harmonic analysis of D(K) 

D(K)      "KP" values of the near wake y      on of the trailing wake to be added on to B 

* These will be omitted if I2P = +1 

AZERO = a o 
ACNE = a. Blade flapping is defined as a    - a . cos ^ - b, sin y  . 

BONE= b1 
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OUTPUT FORMAT 

/      /       / Poge I       LOAD COEFFICIENTS FOR ETA = 

HARMONIC NO.  i     (* = '7.)      (*/ = 72 ) , H  = 7m ) 

* \+]      I ill I 
(These will follow sequenfioily so that the first sine   harmonic will be 

assigned a number equal to that of the last cosine harmonic plus one) 

Page 2   LAMBDA (PSI)        FOR ETA = 

psi lAt) 

i I 
Page 3     ETA L3-C      L3-5       L4-C      L4-S      L5-C    L5-S    L6-C    l/>-S 

]      i     I      i    I     I    I     I    i 
Page 4     ETA = 

PSI L(l) L(G) Ul) + KG)       L(G + I) - HARMONICS EXTRACTED 

I        i        i II 
Explanation of Symbols 

ETA=   ^ PSI=    (^ 

LOAD COEFFICIENTS = 1     ,7-     ,   1<  . 
^O.   '     ^   IC. 'X   IS. 

I I I 

LAMBDA (PSI) = ^. (^) 

Ln -C,  Ln-S=   L.     ,  L. 
' ic       is. 

I I 

L(I)=L|    (j^) 

UG)=LQ   (/0 
i 

L(G + I) = HARMONICS EXTRACTED -       t. (^) 

31 



APPENDIX  A 

Program   for   V, - Trailing Wake 

C1KFNSI0N   YlPSK J6l I .^«"il I HILY^SK Jfcll. Tk^iM 1MI .TOPSU J6I I , 
l   YfcPSl 1 J61 I ,»fPM( 3fcl ) .»»fSlt )6ll , J«PS IH61I ,;BPS1 1 HI l.fSI (361 I, 
7   L ► 1 ! »ell       l-.>-*l >' 1 ) >*>   4" ;   I ,"-   »' i .'C I 

CO'-HCN   PSI.nPSl.l.L.K.OfPSI.iäOAy.BCUir.iHBO.TiPSl.TJPSI, 
I      »«.PSl.viPSl . TtPSI .r7PSl.*8PSI 

1 «EAO    INPLl     I*Pt    ♦,?,l.,Hl,NP,l I .»"N.NN.ÖI 
2 »   "»»• u i;, i i>.-^ 

■<>«■     I«. 'iT    T«Pi   «,6,AC 
1 RCAC    INPul    TAPE    •.,-,!-, K-fi «,( N .( F c S 1 ,{( i PH [. i ( i. I «.». I , 
« roR«>*i ()Ee.),)(U.e,i), I:I 

5 RE*D    INPLt   I/kPf   *,fc.»,l« 
6 FCR^AT   1 E8. J, Ul 
7 REAL    1SPUT    TAPE    ».',li«.li 
8 t<E*C    INPUT    r«Pf   ♦.fc.EN.IH 
9 HE/kC    INPUT    TAPE   «itudlN 

«   •   i 
10 »RITE   OUTPUT    TAPE    ? . U ■ ^u, »«Pi » , ( » . 1 S , ( i « . » . i , i (     ' I . [; ( L'" ' .' M I A 
11 FCRX»T(f.Hlnu   •   E6.3,l}H LA"8C»   •   FT.4,9H «   •   Ft.», 

1<»M N   •   F6.3,9H I   •   F6.1,9H A   •   Fb.l|9H I   •   f6.3// 
?   13hC06LTA   P5I    ■   F«.5.?0H CELTA   PH 1 t11    •   ft.i.lO* CELTA   Ph 
31(2)   •   Fe.5) 

CO   U   J   •   liR 
CM ( Jl    •   0.0 

M'.MAIJ 1    «0.0 
12 CONTINUE 
13 REAO   INPUT    TAPE    «,1«,GAMMA 
14 FORMAT    1(1).81 

M    *   M    -    I 

PSK II   •   0.0 
CO   7*   J   •   I,« 
ALPHA   •   0.0 

O^tCA   •   0.0 
BETA   •   0.0 
JETA   •   0.0 
PHI   •   PS1IJI   ♦   GAMMA 
SPHl   •   PHI    •   6.2Miai2»tM 

19 ASSIGN   2b   TC   J» 
ZC 0   •   EMU'lSPHl    -   PHI) 

I    •    AMBCA»!SPHi-PHl !•( 1.0«A«CCSF(PHI I l-nO»lELK-II 
RHO   •   EL»««2»««»;»C««2«; ••?-;.0»«»ELF«CCSf I PSI ( Jl-PM IW.C'C« 

1    I ElK'COSFIPHi l-«.CC5F (PSK J) M 
IF    (RHCI      S<!,9>),2J 

2 3        IAU«ltLli«tEm«C«COSF|PH||-«.CCSF(PSIIJI-PHllMEMu«(El.«»S|NEtPHll 

1   -»»SINFI PSK Jl I I l/(RMC»»l.*l 
GO   TO   JK, (25, 33,*0,M,5S,59I 

25 ALPHA   •   ALPHA   ♦   TAU«C0Sf(EN«PH| 1 
OMEGA   •   OMEGA   •    TAU«SINF(EN«PH| I 
PH|     •    "Hi     ♦    CELPM 

|F(GAMMA   -.000011   2,>,29,*3 
2") If    IPHI-SPHl-CT I       )C.)0,50 
)0 ASSIGN   3)   TC   J» 

GC    TC   2C 
33 ALPHA   •   ALPHA   ♦   *.C "TAU'COSF ( EN«PH| 1 

OMCGA   •   OMEGA   *   4.0*TAu«SINF(EN«PHlI 
PHI   •   PHI   ♦   CELPHI 

!F    1   PHI   ♦   C.5«CElPHl-SPH| I      35,35,19 
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35    mCAHHA-.OOOOn  37,37,36 
H     ASSIGN AO TO JK 

GO TO 20 
37     mPHl ♦0.5«CELPHl-SPM|-On  36,36,19 
**C ALPHA - ALPHA ♦ 2.0*TAU*COSF ( EN*PM| ) 

OMEGA - OMEGA ♦ 2.0MAU» S INF ( EN-PHI I 
PHI ■ PHI ♦ DELPHI 
ASSIGN 33 TO JK 
GO TO 20 

<»3      IF (PHI - SPHII     30, 30,45 
45 GO TO (71,69,67,65),M 
50     PHI •■ PHI - OELPHI 
51   BETA • BETA ♦ TAU*COSF(EN»PH 11 

ZETA - 2ETA ♦ TAU»SINF(EN«PHn 
PHI • PHI ♦ DELTA 

IF (PHI- SPHII  52,52,63 
52       ASSIGN 55 TO JK 

GO TO 20 
55       BETA ■ BETA ♦ <i.ü«TAU«COSF (CN«PHn 

ZETA - ZETA ♦ 4.0»TAU»SINF(EN«PH11 
PHI - PHI ♦ DELTA 
IF (PHI ♦ 0.5«OELTA - SPHI»  57,57,58 

57 ASSIGN 59 TO JK 
GO TO 20 

58 ASSIGN 51 TO JK 
GO TO 20 

59 BETA   •   BETA   •   2.0»TAU*COSF(EN*PHI) 
ZETA   •   ZETA   ♦   2.0«TAU»SINF(EN»PHH 
PHI   •   PHI   ♦   DELTA 
ASSIGN   55   TO   JK 
GO   TO   20 

63 ZAPSKJ)   -   (DELTA*BETAI/3.C 
ZRPSKJ)   ■   (DELTA»ZETA)/3.0 
GO   TO   45 

65 VIPSI(J)   •   (DELPHI»ALPHA)/3.C 
Y2P3I(Ji   -   (DELPHl*0MEGA)/3.0 

CMK J»   ■   CHK J)   ♦   VIPSKJ» 
SIGMA(J)   -   SICMA(J)   ♦   Y2PSI(J) 

00   TO   73 
67 Y3PSI(J»   •   (CELPHl«ALPHA»/3.0 

Y4PSHJ)   ■   (OELPHI»OMEGA)/3.0 
CHI (J)   -   CHKJI   ♦   Y3PSI( J» 
SIGMA(J)    •   SIGMA(J)    ♦   Y4»PSI(J) 
GC   TO   73 

69 Y5PSI{J)   ■   (CELPHl»ALPHA)/3.0 
Y6PSIU)   •   (OELPHI»OMEGAJ/3.0 

CHI (J)   •   CHI(J)   ♦YSPSKJ) 
SICHAIJ)   •   SIGMA(J)    ♦   Y6PSI(J) 
GO   TO   73 

71 Y7PSI(J»   •   (DELPHl»ALPHA)/3.0 
YPPSHJ)   •   (0ELPHl«OMEGA)/3.C 
CHKJI   •   CHKJI   ♦   Y7PSI (J) 
SIGMA(J|   •   SIGMA(J|   ♦   Y8PSKJI 

73 PSKJUI   •  PSKJ)   ♦   OEPSI 
7A CONTINUE 

IN   •    IN   -   I 
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IF(IN) 77,77,13 
77        1-3 
79 CALL HARNAL (PSItCHM 

WRITE OUTPUT TAPE 2,80 
80 FORMAT (IH0////^H CHl////) 

CALL   PRlNCE(L,AQUAY,B0UAY,AZEROt 
CALL   HARNAL    (PSI,SIGHAI 

WRITE   OUTPUT   TAPE   2,82 
82 FORMAT    (IH0////6H   SIGMA////) 

CALL   PRIKlCE(L*AguAY,BQUAY,AZERü) 
CALL   HARNAL    (PSI,ZAPSI) 
WRI IE OUTPUT TAPF 2,8<» 

B<.    FORMAT (IH0////6H ZAPSI////) 
CALL PRINCE (L,AQUAY,BQUA*,AZERO) 
CALL HARNAL (PSI,ZBPSI) 
WRITE OUTPUT TAPE 2,85 

85    FORMAT (IH0////6H ZbPSI////) 
CALL PRINCE! L,AQUAY,BQUAY,AZERC) 
IF (MM)  88,88,87 

87 CALL TRIP (CHI,S I GMA,PSI , ZAPS I,ZBPSI,NN,K) 
88 IF (KL)  90,90,89 
89 CALL PRICK (NP) 
90 IM • IM - 1 

IF (IM)  92,92,9 
92 IL « IL - 1 

IF (ID  9<i,9<.,fl 
94       IK • IK - I 

IF (IK)   96,96,7 
96       IJ • IJ - I 

IF (IJ)  98,98,5 
98     II - II - 1 

IF (II)    101,101,3 
99      KR1TE OUTPUT TAPF 2,100,PSIU),PHI 

IOC    FORMAT (30HISINGULARITY OCCURS AT PSI OF E16.8,8H ,PHl - E16.8) 
GO TO QQ 

131       CALL EXIT 
LN0(1,0,0,0,0,0,0,0,0,0,0,0,0,0,0) 
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bUPkCUUNE   HARNAL   (PSI,FPSI) 
DIMENSION   PSI ( 361) ,FPSI(36l ) vAQiJAV(20l ,BOUAY(2C) 
COMHON   PS I ,FPSl,I,L,K,OEPSJ,AQUAY.BQUAY,AZERO 
KN«K-3 
R«l.O 
GO   TO   (5,35,5),I 

5        fiRAL   •   FPSI(l)   ♦   FPSKKI   ♦♦•0»FPS IlK-l) 
DO   12   *»2,KN,2 

12     ORAL   •   GRAL   ♦<i.C»FPSI ( M )   ♦2,0»FPSI (M* U 
AZERC   *   (0tPSI«GRAL)/9.<.2A7778 

DO   25   J»l,L 

GRAND   «   FPSI(l)»COSF(Q»PSnI))   ♦FPSI(K)»COSF(Q«PS1(K»» 
i ♦<I.J«FPSI u-n»cosF(Q«Psi(K-m 

DO   2G   H"2,KN,2 
20   GRAN0«GRAND   ♦* .0«COSF(Q»PSI(MI»»FPS MM I 

I      ♦2.0»FPSI(H*n»C0SF(Q«PSI (M*l) ) 
AÜUAYU)   -   ((2.G«0EPSI )/9.^2^7778)«GRAND 
IF   (1-3)   25,22,22 

22     ACUAY(J)«AQUAY(J)/2.0 
25     CCNTINUE 

IF (I-3U9t34,3^ 
34 AZERO   -AZERO/Z.O 

R   -0.5 
35 P   -0.0 

DO   «3   J   -1,1 
P   «P   ♦l.C 
TGRAL * FPSI(IMSINF(P«PS1( l») ♦ FPSI ( K ) «S INF ( P*PS KK ) ) 

1 ♦<..ö»FPSI (K-l)»SINF(P«PSl(K-l) ) 
DO «2 K ■2,KN,2 

<»2  TGRAL -TGRAL ♦A,0»FPS I ( M )• S INF ( P«PS1 ( P ) ) 
1  ♦2.0«FPSI(M*1)«SINF(P»PSI (M*l)) 
OOUAYCJ) «((2.0«DE PS I)/9.42^77 78)«TGRAL«R 

43 GÜNTINDE 
49  RETURN 

ENC(1,0,C,C,0*0,0,0,0,0,0,0,0,0,0) 
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SUBH0UT1NE   PRICMNPI 
DIMLNSIÜN   YlPSl(361),Y2PSI(361).Y3PSI(36l),Y*PSI(361»,Y5PSI(36n, 

1 Y6PSI(361 ltY7PSI(361)f YePSM361)(PSI(3«nf AQUAY(20).BCUAY(20) 
COHMQN   PS IiYIPS If ItL(K,0EPSItAQUAYlBGUAY|AZEROtV2PSI .YJPSI, 

I      y<»PSI,Y5PSI,Y6PSIiY7PSIfY8PSI 
WRITC   OUTPUT   TAPE   2,3 

3 FORWAT«102HIPSI YIPSI Y2PSI Y3P 
ISI Y^iPSl Y5PSI Y6PSI///» 

OC   9   J    >    l.K.NP 
WRITE   OUTPUT   TAPE   2,6,PSKJ),YIPS I(J),Y2PSI(J),Y3PSKJ), 

I Y4PSI(J»,Y5PSI(J),Y6PS1(J) 
6 FORMAT    (El3.5f6El6.5) 
9 CONTINUE 

RETURN 
END(lt0tC.O,O»0tOtOf3t0»0i0iOt0t0l 
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SUMflUTlNE   TRIP(CHltSIGMAvPSIvZAPSIt    BPSIfNN,K) 
DIMENSION   CHI(361)fSIGMA(361),PSI(361).ZAPSI(361)«ZüPSM361) 

WRITb   OUTPUT   TAPE   2.1 
1 FÜRMAT(78HICHI SIGMA PSI 

I      ZAPSl ZBPSI///) 
DO   9      J   -   l.K.NN 
NRLTE   OUTPUT   TAPE   2.5.CMI(J).SIGMA(J).PS I(J).ZAPS I(J).ZBPS I (J ) 

5 FORMAT   (E13.5.*E18.5) 
9 CONTINUE 

RETURN 
ENL(1,0.0.0.0.0.0,0.0.0tO.O.C.G.C) 
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SUBROUTINE PRINCF(L,AOUAY,80UAY,AZERC> 
ÜIMENSIGN       AOUAY(20),BCUAY(20) 

WRITh OUTPUT TAPE 2,5,AZERC 
5 FORHAT(IHO///IOHOA-ZERO ■ El8.fl) 

CO 9 J « l,L 
WRITE OUTPUT TAPE 2,7,J , ACUAY(JI,J,80UAY(J) 

7      FORMAT (3HÜA-I2,3H - E18.8,10H        Ö-I?,1H = £18.8) 
Q      CONTINUE 

RE TURN 
END(l,OvC,OtGfO,OtO,0,0,C,OiC,0,0) 
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APPENDIX   B 

Typical Results from Program of Appendix A 

KU   •     0.100 1.4NB0»   •     0.0*00 "   •      3.000 N   •      J.000 L   •      1.000 »   •     o.»oo 

UtLl»   PS|   -     O.UOVO IILT*   PHKII   •     C.IJCSO CUT*   Phl(2\   •     0.0*JtJ 

«   •     CS^O 

CM 

*~n*c • 0.281849IU   01 

A    >   ■ i...13*)5Tl7( -uO H-    I    • 

-c .f,22?net  oi B-   ;   • 

• ( .il^OTOS^t   Ol B-    3   - 

-r, m6«o7i-oo (\-   *   • 

«- i . C.T^^OtibSf-Ol B-    *   • 

»- «. • 0.77i3l7iOl-OI B-   6   • 

»-    T    . -' .n72T806l-OÜ B-    7   • 

«-   t    • C MKISflMI -00 B-   8    • 

*-    9    . -C. 33;5}??6t-00 fi-   9   • 

*-10   - 0. 3u7*^*M -00 f»-lC   • 

0.ie979:<>St 01 

-0. 30<»»7,>»«t-OO 

-o.iee7q3<.8E-o? 

C.17eJ669U-00 

-O.J*03llOOf-00 

O.SOISSPI^S-OO 

-0.35OC5791E-OO 

e.2I*3il03f-O0 

r,.770CJ6i?£-Ol 

-G.727«23:SF-0l 

SI.»"* 

»-/Cl»t   • C.<ii0l<iO*9E-CO 

*- I ■ -c.**eiu3*f-ü0 B- 1 

*-   7   • 0.817339081   00 B- j 

*-    J   • -C.1B907?*U-U0 B- ) 

A-    *    • 0. 35^66181-00 M- 6 

O.;324808*E 01 

-0.2632S01SC   01 

0.3^31O73U 01 

-0.166A928SE-OO 
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A-   5   • -C.206569621-00 B-   5 

Ä-   6   • -0.23854294E-01 B-   6 

A-   T   • 0.365938706-00 B-   7 

A-   8   • -0.m8M66E-00 B-   6 

A-   9   > 0.267635e6E-00 6-   9 

A-10   • -0.2137210*E-01 B-10 

O.*082*365E-00 

-0.25071085E-00 

0.12272582E-00 

-O.l*Ol252flE-0l 

-0.7*0385*56-01 

0.166376036-00 

ZAPSI 

A-Z6RC   •          -0.939507006-03 

A-   1   • 0.265130336-01 B-   1   - 

A-   2   ' -G.690892286-01 B-   2   • 

A-   3   ' 0.618625556   00 a- 3 - 

A-   *   • -0.217866706-01 o- * - 

A-   5   • 0.170253756-02 B-   5   " 

A-   6   • 0.4272**076-03 B-   6   - 

A-   7   » 0.169*2*6*6-0* B-   7   ■ 

A-   8   • -0.522192556-05 B-   8   • 

A-   9   • -1.11*500916-05 B-   9   • 

A-IC   • -0.22C61996E-06 B-10   • 

0.5907*9566-02 

-0.2*8755006-00 

0.15*317896   01 

0.572528386-02 

0.278750366-02 

-0.796808536-0* 

-O.53993321E-0* 

-0.5396*9676-05 

0.262115556-06 

0.178503*86-06 

ZBPS1 

A-Z6RC -C.277899526-02 
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A-   I    • -C.57612904E-02 B-   I   « 

A-   2   • C.2A882170C-00 B-   2   « 

A-   3   • -C. 15<i3l759F   01 B-   3   • 

A-   ^   • -0.5725<ilOAE-02 8-   4   • 

A-   5   • -0.27870707E-02 0-   5   - 

A-   6   « 0.80190378E-04 B-   6   • 

A-   7   » C. 5A<.88785E-0<» 6-   7   « 

A-   fl   • 0.589^4<.38t-05 B-   8   ■ 

A-   9   ■ C.2l<»6iei0E-06 6-   9   « 

A-10   « C.35<i7lO<iOE-06 B-10   - 

0.27118210E-01 

-0.690899576-01 

0.61861937F   00 

-0.217869396-01 

0.17027783E-0? 

0.^274i8532E-03 

0.17114811E-04 

-0.50005811E-05 

-0.95512301E-06 

-0.13039515E-07 
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CH| SIGMA PS1 ZAPSI ZHPSI 

-0. U**3C 01 
-0.119*1E Dl 
-Ü.76018E 0ü 
-0.i23S5F-Oü 
0.71U1E 00 
C.16927E 01 
0.2 7e3OE 01 
C.40208E 01 
0.5M98E 01 
(J.69236E 01 
J.^^ME 01 
0.978<.9E 01 
0.10e<>8E 02 
0.ll*2lE 02 
C.11685E 02 
o.ioeejE 02 
o.9eei7E oi 
0   85090E   01 
0.714.90E   01 
>:.92 3 38E   01 
0.U907E   01 

-0.3e389E   01 
-0.77273E   01 
-3.5D550E   01 
-0.559<.2E   01 
-0.46113E   01 
-0.6<»17<.E   01 
-0.35379E   01 
-0.14294.E   01 
C.48191E-00 
0.21510E   01 
0.48529E   01 
0.6r>C08E   01 
0.71178E   01 
0.75489E   01 
0.75093E   01 
0.71550E   01 
0.63113E   01 
C.52503E   01 
C.40534E   01 
0.2e46<>E   01 
C.16618F   01 
C.59144E   0Ü 

-0.26154E-0G 
-0.8t>9SlE   00 
-0.I2398E   01 
-C.14528E   01 
-O.I5240E   01 
-C.l*<iOE   01 

0.fl976CE   00 
0.18391E   01 
G.25004E   01 
C.27826E   01 
0.26691E   01 
C.22028E   01 
C.14I<I63E   01 
0.*e<»33E-00 

-0.53e30E   00 
-0.134U6E   01 
-0.17467E   01 
-0.17127E   01 
-0.96056E   00 
-0.6b259E-Ül 
C.16317E   01 
0.34>286E   01 
0.42460E   01 
0   4,8889E   01 
C.<.8*lSt   01 
0.65697E   01 
0.8572«it   01 
0.10007E   02 
0.74171E   01 
0.37151E   01 
G.l67e3E   01 

-0.203<i5E-00 
-0.32291E   01 
-0.'i9287E   01 
-0.b5730E   01 
-0.61685E   01 
-0.71092E   01 
-0.58772C   01 
-0.33759E   01 
-0.18400E   01 
-0.l0<i96t   01 
-C.2*6e<iE-00 
0.4454 8E-00 
0.10630E   01 
0.im2E   01 
o.eineE oo 
0.27679t-00 

-0.*36ieE-00 
-0.11775E 01 
-0.I7743E 01 
-0.20126E 01 
-0.1772fcE 01 
-0.110*2E 01 
-0.15184E-0C 
0.e9760E   00 

c. 
0.13090E-OO 
0.26180E-00 
0.39270E-0r 
G.52360E 00 
C.65<.50E CO 
C^Bi'.OE CO 
O.^UIOC 00 
O.IC^E   01 
c.iweiE oi 
0.13090E Cl 
0.1A199E 01 
0.157C8E 01 
0.17C17E 01 
0.183266 Cl 
C.19635f 01 
0.209A4.E Cl 
0.22251E 01 
0.2356;!E Cl 
C.2*e7lE 01 
0.26180E 01 
C.27<.H9E 01 
C.2e798E 01 
0.3C107E 01 
0.31416E 01 
0.32725E 01 
0.3*03<iE 01 
0.35343F 01 
C.36652E Cl 
0.37961E Cl 
0.39270E 01 
0.4C579E 01 
0.41888E 01 
0.O197F Cl 
O.A<i506E 01 
0.*Sei5E Cl 
0.47124E 01 
0.<ie433E 01 
C.«i97<.2E 01 
0.510SIE 01 
0.52360E 01 
0.53669E 01 
0.54978t Cl 
0.562e7E 01 
0.57596E 01 
^.5e905E 01 
0.6C214E Cl 
0.61523E 01 
0.62832E   01 

0.555'.7E   00 
0. 10443F   01 
0. 13677E   01 
v.lWOSE   01 
0.13335E   01 
0.97399E   00 
0.«.<ii572t-Ü0 

-0.l70l2E-0vJ 
-0.77732E   CO 
-0.12795F   01 
-0.l59blE   01 
-0.16705E   01 
-0.1<.8ebE   01 
-0.1071<,E   01 
-0.478'i2E-0C 

0.?0^51E-CC 
0.872'ieE   CC 
0.14273E   01 
0. l782eE   Ü1 
J. Ifl835E   01 
O.WllbE   01 
0.12901E   01 
0.67972E   OC 

-0.30368E-O1 
-0.73e2!>E   OC 
-O.134C0E   01 
-0.17S00E   01 
-0.I9114E   01 
-0.ie045E   01 
-0.14492E   01 
-0.90139E   GO 
-C.243e5E-0C 
0.42639E-OC 
0.10126E   01 
0.14123E   01 
Ü.16292E   Dl 
0.15804b   01 
0.12993E   01 
0.83325E   OC 
0.P5629E-0C 

-0.34184E-0C 
-a.fl6fl86E OC 
-0.12438E   01 
-0.14093E   01 
-0.13406E   01 
-0.1049eE   01 
-0.5B404t   Ü0 
-0.18457E-01 
0.555461   OC 

-0.13113E   01 
-0.988096   00 
-0.494'i3E-00 
0.91397E-01 
0.67MIE   OC 
0.11651E   01 
0.14779E   01 
Ü.15609E   01 
0.13957E   01 
O.IOC32E   01 
C.43979E-C0 

-0.21CU6E-00 
-0.e4722E   00 
-0.l372flE   01 
-0.17C36E   01 
-0.17e5lE   01 
-0.16C02E   01 
-0.11721E   01 
-C.56177E   00 
0.14352E-00 
0.836756   00 
0.14218E   01 
0.18C64E   0! 
0.19361E   01 
0.17921E   01 
0.139656   01 
0.8Ce24E   00 
0.11413E-00 

-0.5846eE   00 
-0.11879E   01 
-C.161116   01 
-0.l79f5E   01 
-0.17262E   01 
-0.14140E   01 
-0.912i4E   00 
-0.29957E-00 
0.332416-00 
0.889906   00 
0.12919E   01 
0.148136   01 
0.14336E   01 
0.11600F   01 
0.70621E   OC 
0.145396-00 

-C.43253E-00 
-0.93490E   00 
-0.128086   01 
-0.141386   01 
-C.131136   01 
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PSl Yl'SI T^PSl T3PSI »*P^I tSPM Y6PSI 

0. 0.*»97qE -01 0.268851 -00 C.52tl0f -01 C.0286t -00 -0.1141«! Cl 0.15589f -OO 
Ü.I >C»Ot -0C C.18267E -00 C.*5»«M -00 -0.3111 3t -01 C.a7U7t CO -0.136561 01 0.512fc0f 00 
C.761801 -00 I   .   <f,.  SMI -00 0.56912E 00 -C.l*C79t -00 C.l223*t 01 -0.981861 CO C.7078U CC 
o.i9^^ol -00 0.M*?8l 00 0.65078E 00 -C.21153E -00 C.l6733t 01 -0.666701 -00 0.65850t CO 

. v W.)! 00 C.ftH '*,'! cc 0.75Het 00 -0.1 600 BE -00 0.152*6E Cl o.ia606t -00 C.^9l38f -00 
0.*S*»Cf ou 0.8)M4E oc 0.885 98t oc 0.5797 31 -01 C.l235*t 01 C.79960t 00 C.8t 336t -01 
0. 7«i*0f 00 o. io. »ei 01 0.9*0*0( 00 0.65262E -00 C.5«307t oc C.13076E 01 -0.37190t -Cl 
O.«lt)0f OC C.l U/fcf 01 0.67l3*t 00 0.9(6I2E OC -C.30082E -00 0.l721Vt 01 0.11381t -00 
ü.J0*7?{ 01 0.17617E 01 -C.12197E -00 C.16195E 01 -0.ai320E 00 0.20386E 01 0.396871 -00 
■ .11 '«11 Ok O.HJlbt 01 -0.10*62t 01 0.22690E 01 -0.69734t 00 0.22)20t Cl C.6029*t -CO 
. . 1 iC'.OI 01 0.37CT3t 01 -0.129**E Cl C.28111E 01 -C.l23a«E -00 C.2*237f 01 -0.32866t -00 
J.I*1<J9f 01 Ü.38S04E 01 -0.57027t 00 0.30856f 01 0.O924E -00 0.28685t 01 -0.15816t 01 
C.lSTOBf 01 0.«1«86( 01 C.852*lt 00 C. )0 366E 01 0.3«*llt -oc 0.)6333E Cl -0.21)7 If 01 
O.UCITI Jl 3.60902E 01 0.26031t 01 0.29162E 01 -O.UOIBf Cl 0.661651 01 -0.15596t 01 
0.1S126i 01 0.31610E 01 0.*2560r 01 C.360JU 01 -0.266651 01 0.692P9t Cl 0.62167t -01 
O.l'JtJ^f 01 j.18*8fcl 01 0.*2T2Vt 01 0.617I5E 01 -O.J0883f 01 C.*85',0» 01 0.22*20t 01 
C.209«<if 91 0.94,»*7E 00 0.167021 01 C.6S300E 01 -0.2I503E 01 0.60922F 01 0.67262f 01 
CilllM 31 0.13V34E 01 -0.182601 01 0.6739U 01 -0.6ll35t -00 0.2)760E 01 0.7l2f3t 01 
v.^^•>b^( 01 0.321/OE 01 -O.*9330t 01 0.4027U 01 C.12032t 01 -0.90C76t -01 0.85716f Cl 
O.I*ITH 01 0.5OJ12E 01 -0.50851E 01 0.2t7e5F 01 0.26992E 01 -0.26758f 01 0.9l555t Ci 
L.?618(H 01 O.blbOtl. 01 -0.3969OE 01 C.lU*t( 01 C.33223t 01 -0.56269E 01 0.91991t 01 
O.^T^B-Jt 01 0.60U20E 01 -0.29964E 01 -0.27168E -00 C.35C8at 01 -0.95692t 01 0.96967t 01 
0.i9»<)«f 01 0.6<.6)9E Cl -0.l8655t 01 -0.lT6l6f 01 C.30895t 01 -0.12632t C2 0.61931F 01 
O.JOlOTf 01 0.62«8aE 01 -0.5l717t oo -0.29370t 01 0.218711 01 -0.ai667t 01 C.2C652t 01 
•   .  U*IM 11 0.47bOIE 01 0.*75*2E -00 -C.36673t 01 C.93**lt cc -0.76a78E 01 0.27050f ■00 

c.^mt 01 o.sszeoE 01 0.130 82t 01 -0.3e379E 01 -C.*8967l -oo -0.63015E 01 -0.102201 01 
C.)*03*l 01 0.5274*1 01 0.22»95f 01 -0.34C63E 01 -C.18*97f 01 -o.a2e66t Cl -0.36289f Cl 
;.IM*H 01 U.*6790E (Jl 0.101231 01 -0.2**2*E 01 -0.28997E 01 -0.»7765t 01 -0.50612t 01 
C.J6647E Dl 0.*l47»l 01 0.»57 36t 01 -C.112861 01 -C.3*509f Cl -0.665a3E Cl -0.5fc95fcf Cl 
0.17'»61f Dl 0.37i72e 01 0.*JO5lE Cl 0.28882E -0" -C.3*377E Cl -e,356*lE 01 -0.7035<*f 01 
0. J97T0t 01 0.29722E 01 0.*e*99f 01 C.15<)89f 01 -C.29156E Cl -0.26201E 01 -Q.9C635f C 1 
C.*Ci7<»E 01 Ü.20926E 01 O.sbtf-i 01 0.26657t 01 -0.l9t8*f 01 0.9*5a2E- ■01 -0.e5752E 01 
0.«18S8F Jl o.i^oest 01 0.«2390t 01 C.33521E 01 -C.71291f oc O.l7602t 01 -0.69020E 01 
C.*lJ9Tf 01 0.t7317E oc 0.29861t 01 0.35t96E 01 C.6C353E 00 0.2a553t 01 -0.56296E 01 
O.«*506f 01 O.'ttbiM- •00 0.850*2t 00 C.>6*92t 01 C.17997E Cl 0.36032t 01 -0.36997t Cl 
O.^'jeiSf 01 0.78522? 00 -0.972UI 00 C^fl^iOt 01 c.2t2*OF 01 0.37T6U 01 -0.l8987f 01 
c.*rii*t 01 0.12866E 01 -0.192071 01 C.23l69t 01 C.27*971 01 0.35535e 01 -0.38J6Tt- co 
'   .«1* Ml 01 C.li375E 01 -0.l9262t 01 0.168*8( 01 I .22299E Cl 0.308901 01 0.757?8f CO 
t.*»7«7E 01 a.l566*E 01 -0.15169E 01 0.11776E 01 > .HUM 01 0.25063t 01 0.l6675f 01 
C..510S1I 01 0.1«C7aE 01 -0.98318E oc 0. 7890 3t 0^ 0.16*71E- •00 0.185661 01 0.162981 01 
0.523601 31 U.llBl»! 01 -0.56*15E 00 0.*63a9E •00 -C.*8919E- •00 0.120 lit 01 0.13301E 01 
v;.Ht6<>t 01 0.<)5«)6E 00 0.3)186E- 00 0.196J71- ■00 C.80935t oc C.5ll06t 00 0.70503t PC 
C.i*9T8l 01 0.7*3921 00 -0.26b*lE- ■OC C.16C5 3t -01 -C.90l79t oo -C.168531- ■oo -0.92733t- 02 
0.i6?eTE 01 0.5*7*7E oc -C.30757E- 00 -0.586911 01 -C.87351E 00 -0.75032t 00 -0.5932*f or 
0.i75«6£ 01 O.J*770t- 00 -0.35*58t- -00 -0.50196E- 01 -0.76121E 00 -0.ll570t 01 -0.«,<67rt 00 
0.5890SE 01 0.168a9E- 00 -0.319*6E- 00 0.)6318E- c -0.563*7t 00 -C.l6l22t 01 -C.88963t 00 
C.60;i«E 01 0.*1712E- 01 -0.1»005f- 00 C.6l*»*t- •01 -C.28073t- •0« -C.15560t 01 -C.66360f 00 
0.6n?5E 01 -0.53JOIE- 02 0.361Ut- 01 0.86216E- 01 Q.75e22C- f . -0.16029E Cl -0.26l97f- oc 
0.6283.H 01 0.6*979E- 01 0.268851- 00 C.52tllE- •01 C.*72e6E- .(a -0.15*l9t 01 0.15589f- CO 
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NU   •     O.?0ü lAfßf)»   •     0.0?iO N   •      ),00C N   .     o. L   •     O.'iOO 

Üft»»   P^l    -      C.^fclBO CtLt»   fHIdl    .      0.?6180 DILT»   Px 1 U'I    •      0.0*16J 

»   • « •   D.BSO 

CMI 

/f «c 

9 

10 

r .,'*«<<fcl'.Ol    01 

U.UT)3*liE  01 B- l • 

0.<Ji<»716<>?{   01 t- i • 

O.S2i79*S<)f   01 B- J • 

&.700I«*0Tt   01 B- * • 

0.3B0«^6S«f   01 B- 5 • 

^•«(.6i*m oc b- 6 • 

-( .IGTSUtK   01 B- 7 • 

-C.17C507MI   01 P- 8 • 

-t.*2?JlJ6;f   01 B- <) - 

-C.3T2612i2t   01 P-10 • 

-C.592C«0*9t   01 

-0.O03«B7U   01 

o.mmtu  01 

-0.«)«C4612E 00 

0.i<»84693« 00 

0.1168J953E 01 

0.11370^28' 01 

C.»3*«2853l 00 

-0. 17ftC2880E-OO 

-0.1091153*1   01 

SU."* 

lk-if*C   • 

*- 1 • 0. 

A-   2   • -Ü. 

*-   3   ■ -0. 

»-   4   • -3. 

8- l • 

6- 2 • 

B- 3 • 

e- <. • 
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A-   5 -0. 

A-   6 0. 

A-   7 0. 

A- e «J. 

A-   9 G. 

A-10 -0. 

B-   i   • 0. 

8-   6   - 0. 

0-   7   - o. 

B-   8   " -0. 

B-   9   - -0. 

B-10   • -0. 

ZAP5I 

Z€RC   ■ 

J   9 

-10 

-0.U611866C   01 

•0.50505327C   00 

-C.l4,080l33E-00 

-0.35666509E-01 

-0.73993352E-02 

■0.10136589E-02 

0.55*8^7lC-0* 

0.^2l7l25t-03 

0.25l2fl047E-02 

0.11903889E-01 

O.<i6938lC9E-0l 

B-   I -0.5651965AE   00 

B-   2 -0.58095719E-01 

B-   3   • 0.400G8912E-02 

B-   *   • 0.5^272138E-02 

B-   5   • 0.23007582E-02 

B-   6   • 0.89713659E-03 

B-   7   « 0.9021514.5E-03 

0-   8   • 0.1827376SE-02 

6-   9   « 0.13314038E-02 

6-10   • -0.19368302E-01 

ZOPSI 

A-ZFRC   • -o. 
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B 

9 

10 

-0. 

0. 

w • 

0. 

0. 

-o. 

-0. 

-c. 

-c. 

0. 

8-   I   ■ 0. 

B-   2   • 0. 

B-   3   • 0. 

B-   4   • -0. 

B-   5   • -o. 

B-   6   ■ -0. 

B-   7   • -o. 

B-   6   • 0. 

8-   9   • 0. 

8-10   • 0. 
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CM I SIGMA PSI ZAPSI ZBPSI 

0.35169E   02 0. 
D.2JBM21   02 0. 

-0.*72*5E   01 0. 
-0.21978E   02 0. 
-0.13122E   02 0. 
-0.82261E   01 0. 
-0.$6000E   01 0. 
-0.39901E   01 c. 
-0.29033E   01 0. 
-0.21134E   01 0. 
-0.15026E   01 0. 
-0.1O037E   01 0. 
-0.97500E   00 0. 
-O.IB872E-00 0. 
0.17512E-OO 0. 
0.53181E   00 0. 
0.8927^E   00 0. 
0.12629E   01 0. 
J.16290E   01 0. 
0.19150E   01 0. 
0.18124E   01 0. 
0.95603E   00 0. 
0.21277E   02 0. 
C.335*3E   02 0. 
0.35169E   02 0. 

0. -0.21508E 01 -0. 
0.26180E- ■00 -0.22650E 01 -0. 
0.523601; CO -0.2287eE 01 -0. 
0.785*0E oo -0.22422E 01 -0. 
0.10*72C Cl -0.21506E 01 -0. 
0.13090E 01 -0.20307E Cl -0. 
0.15708E Cl -0.18949E 0'. -c. 
0.18326E 01 -0.17515E 01 -0. 
0.2094*E 01 -0.1606CE 01 -0. 
0.23562E 01 -0.1*624E 01 -0. 
0.26180E 01 -0.13233E 01 -C. 
0.28798E 01 -0.11910E 01 -0. 
0.31M6E 01 -0.10677E 01 -0. 
0.3<.0,Uf 01 -0.95602E OG -0. 
0.366S2E 01 -0.85945E OC -0. 
0.39270E 01 -0.78287t oc -0. 
0.<.1888t 01 -0.73343E OC -0. 
0.^«506E 01 -0.72136E 00 -0. 
0.47124E 01 -Ü.76070E OC -0. 
0.49742E 01 -0.86827E OC -0. 
0.52360E 01 -0.10581E 01 -c. 
0.54978E 01 -0.13276E 01 -0. 
0.57596E 01 -0.16415E 01 -0. 
0.602ME 01 -0.19354E 01 -0. 
0.62832E 01 -0.21508E 01 -0. 
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PSI tl»SI Y?^SI yifsi Y*PM Y5P$I yfcPSl 

0. 0.)2811C   01 0. 
0.26iaOE -00 c.f.osm oi 0. 
0.92360E 00 0.*ia82E   01 0. 
0.78)401 00 -o.»)?uof oi 0. 
0.10*721 01 -0.22'i20E   01 0. 
0.\iQ90f ai -0.12714E   01 0. 
o.i5;o«f 01 -0.77806t   00 0. 
0.ie326E 01 -o.*e5m-oo 0. 
0.?3<)«*l 01 -0.29126E-00 c. 
0.7Hft2f 01 -0.1SC21E-00 0. 
0.26ia0( 51 -0.3886SE-01 0. 
0.28798f 01 O.S63«»E-Ol 0 . 

. 5K.161 01 0.14O8E-00 c. 
0,J*0J«.f 01 0.23212E-00 0. 
).J6fci2t 01 Q.)2S83E-00 0. 
0. J'iJTOf 01 0.«3222E-00 0. 
o.*iaeeE 01 C.559*IE   CO c. 
0.4S506t 01 0.71805E   CC 0. 
0.M\2<»1 01 0.9223<)E   00 0. 
0.*<>7*2E 1)1 0.11908E   01 c. 
0.92360E 01 0.li**8E   01 0. 
0.**978E 01 0.2CUiE   01 0. 
'J.5 75S6E 01 0.26561E   01 0. 
C.60214E 01 0.i6*97t   01 a. 
0.628)2E 01 o.b.eiu  01 0. 

Ü.23796E   02 C. 
0.118236   02 c. 

-0.18973E   02 c. 
-C.10339E   02 c. 
-0.64288E   01 0. 
-0.4M77E   01 c. 
-C.32279€   01 c. 
-0.2«5*5t   01 0. 
-C.111661    01 c. 
-0.1V19E   01 Oi 

-0.12188E   01 C. 
-0.97687E   00 C. 
-0.77713t   00 0. 
-C.60 7S3E   00 c. 
-C.<.605*t-00 c« 
-0. U231E-00 c. 
-0.2232 3t-00 0. 
-0.1M36E-0O c. 
-0.11356E-00 c. 
-C.22*l*t-00 c. 
-C.76t30t   OC 0. 

-0.20770t   01 0. 
0.166Mt   02 0. 
0.23979E   02 c. 
C.23796f   02 c. 

0.60917t 01 0. 
C.79620t 01 0. 
C. 101*11 0? 0. 

-0.73193E Cl 0. 
-C.'.'.M'it Cl 0. 
-C.2537öf 01 0. 
-0. 159*06 01 0. 
-0.lOW2t Cl 0. 
-0.69i*6t CO c. 
-0.**l3*t -00 c. 
-C.2**97E- -00 0. 
-0.8311 Jt- -01 0. 
0.577i2t-0l c. 
C.lB669t- -00 0. 
C.30983t -00 c. 
0.<.3190t- .rO 0. 
0.5S6^6t CO 0. 
0.68622t 00 c. 
0.e20l7f 00 0. 
0.9*839t 00 0. 
0.10336t Cl G. 
0.10215t 01 c. 
0.19794iC 01 c. 
0.5914*t Cl c. 
0.60917t Cl 0. 

48 



APPENDIX   C 

Program for V« - Shed Wake 

01MENS ION   PS I (361), SlPSl(36n,S2PSI( 3611 .S)PS 1(361) .S^PS 1(361 ). 
1 *0UAY(23) .BaUAy(20) 

COMMON   PSI.SIPSI.(.L.K.OEPSI,AQUAY.ROUAY.A7ERO 
READ   INPUT   TAPE      «.3,L.NP,KL.I I.QT 

I rORMAT    (<t|2,E13.8) 
* READ    INPUT   TAPE   *,^,EMU,AMBOA,EM.OEPSI.DELPHI.DEL^A,K,IJ 

b FORMAT    (3Fe.3,3El3.8, 13, m 
6 READ   INPUT   TAPE   4,7.EN,IK 

1 FORMAT    (E8.3.I2) 
8 READ   INPUT   TAPE   4.9.GAMMA, IL 

V FORMAT    (EU.8,121 
10 READ    INPUT   TAPE   4,7,ELKtIM 
II READ   INPUT    TAPE   4,12,X 
12 FORMAT   (E8.3) 

PSI(1)      -   0.0 
MRITF   OUTPUT   TAPE   2.15,EMU.AMBOA ,EM,EN,GAMMA,ELK,X 

1^ F0RMAT(6H1MU   -   F6.3,12M        LAMBDA   «   F6.3,7H        M   ■   F6.3,7H        N   • 
1   F6.3,11H        CAWMA   »   F8.5,7M        L   •   F6.3,7H        X   ■   F6.3/////) 

DO   S3      J   •   1,K 
ALPHA   «   0.. 

BETft   «   0.0 
ZETA   •   0.0 
ETA   «   0.0 
SPHI   ■   6.2831852»EM»PSI( J»   ♦   GAMMA 

EPHI    •   SPHI   ♦   QT 
PHI   »    PSKJ)    ♦   GAMMA 

17 ASSIGN 22 TO JJ 
18 D - EMU«(SPHI - PHIJ 

I    . AMBDA.ISPHI-PHI) 
PI » 2«»2MX«S1NF(PSI( Jl-PHP ♦0» S I NF (PH K ) •• 2 
IF (PI)  90,90,70 

20     RHO • X«»2*Z»»2*D»»2-2.0»0»X»COSF(PSI(J)» 
SIGMA - RHO*ELK«»2-2.0»X»ELK«COSF(PSI(J)-PHI)*2.0»0«ELK»COSF(PH|) 

THETA « D»COSF(PMI) -X»COSF(PS I (J)-PHI) 
TAU -( (X»S INFIPS I (J)-PH| )*0»SINF(PW|) )/Pn«( ( ELR^TME T AI/SORTF 

1 (SIGMA) - THETA/SQRTF(RHO)) 
GO TO JJ , (22,25.30.35,40.45) 

22 ALPHA   -   ALPHA   ♦   TAU»COSF(EN«PHI) 
BETA   -   BETA   ♦   TAU»SINFCEN«PHI) 

PHI   «    PHI   ♦   DELPHI 
ASSIGN   25   TO   JJ 
IF   (PHI-EPMI)       18.23,23 

23 PHI    ■   PHI   -   DELPHI 
24 ASSIGN  35   TO   JJ 

GO   TO   18 
25 ALPHA   »   ALPHA   ♦   4.0»TAU»COSF(EN»PH I) 

BETA   •   HETA   ♦   4.0»TAU»SINF(EN«PHI) 
PHI   «    PHI   ♦   DELPHI 

|F(EPHI   -(PHI   ♦0.5»UELPHI))    l',17,27 
27 ASSIGN   30   TO   JJ 

CO   Tu   18 
30 ALPHA   •   ALPHA   ♦   2.C»TAU»COSF(EN»PHI I 

BETA   -   BETA   ♦   2.0«TAU»SINF(EN»PHI) 
PHI   ■   PHI   ♦   DELPHI 
ASSIGN   25   TO  JJ 
GO   TO   18 
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39        ZETA >   ZET«»TAU«SINF(EN*(PSl(Jl-PHin»COSFIEH*PSI(J)l 
ETA  •   ETA  ♦   TAU«SINF(EN«fPSIfJ)-PHl))*SINFfEN*PSI(Jn 
PHI   ■   PHI   ♦   DELTA 
ASSIGN   40   TO   JJ 
IF   tPHl   -SPMM 18.90*90 

40 ZETA  -   ZETA   »4.0*TAU«SINFIEN*IPSIIJI-PHIIl«COSF(EN«PS1Uli 
ETA   -   ETA   ♦4.3«TAU«SINF(EN«(PSIIJI-PHI||«SINF(EN*PSI(JII 
PHI   •   PHI   ♦  DELTA 

IF   ISPMI   -(PMI   ♦0.9«OELTAII      4A,44(43 
AA PHI   «   PHI   -  0.9»OELTA 

ASSIGN   i9   TO   JJ 
GO  TO   16 

A3 ASSIGN   49   TO  JJ 
GO  TO   18 

A9 ZETA   •   ZETA   ♦2.0*TAU*SINF(EN*(PSI(Jl-PHII I»COSFIEN«PSI(Jl I 
ETA   -   ETA   ♦2.0*TAU*SINF(EN«(PSI(JI-PHI)I*SINF(EN*PSI(J)I 
PMI   ■   PMI   ♦   DELTA 

ASSIGN   40   TO   JJ 
CO   TO   18 

90        S1PSIUI-   (0ELPHI/3.0I«ALPHA 
SZPSIUI   -   (OELPHI/3.0I*BETA 
S3PSI(JI   -   (0ELTA/3.0I»ZETA 

S4PSIIJ»-   I0ELTA/3.0I»ETA 
PSnj*ll   *   PSIUI   ♦  OEPSI 

93 CONTINUE 
IF   ULI 59,60,60 

99 WRITE   OUTPUT   TAPE   2,96 
96 FORMATI82H0PSI S1PSI S2PSI 

1        S3PSI                                   S4PSII 
00  99   J   •   l.K.NP 

WRITE   OUTPUT   TAPE  2. 57, PSI ( J I, SIPS I ( J I «SZPSK J I. S3PSI ( Jl ,S4PSI ( J I 
59 CONTINUE 
97 FORMAT!1H E14.6(4E18.61 
60 1-3 

CALL MARNAL   (PSI.SIPSII 
WRITE  OUTPUT  TAPE   2*61 

61 FORMAT (lH0/'//6H0SlPSI//////l 
CALL PRINCE(L*AQUAY*BOUAY*AZEROI 
CALL   MARNAL   (PSItSZPSII 

WRITE   OUTPUT  TAPE   2*63 
63 FORMAT!1M0////6M0S2PSI//////I 

CALL  PRINCE   (L*AOUAY*BQUAV*AZEROI 
CAcL  MARNAL   1PSItS3PSII 

WRITE   OUTPUT   TAPE   2*69 
69 FORMATI1M0////6M0S3PSI//////I 

CALL   PRINCE(L*AQUAT(BQUAV*AZEROI 
CALL  MARNAL   fPSI*S4PSII 

WRITE   OUTPUT   TAPE   2*67 
67 FOkMATClM0////6MOS4PSI//////l 

CALL   PRINCEIL*AQUAV,BCiUAV*AZEROI 
80 IM  >   IM   -1 

IF   UM}      82*82*11 
82 IL  ■   IL   -   I 

IF   ULI     84,8**10 
84 IK  -   IK   -   1 

IF   (IK) 86*86*8 
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86    IJ « IJ - I 
IF (II)    86,88,6 

88   II » II - 1 
r (11)  92,92,^ 

90 WHITE OUTPUT TAPE 2,9 I ,PHI,PS I(J) 
91 FURMAT(IHD/////22H SINGULARITY AT PHI 

GO TO eo 
92 CALL   EXIT 

ENO(1,0,0,0,0,0,0,0,0,1,0,0,0,0, 0) 

«   E15.6tlOH   PSKJ»   •   E15.6) 

51 



SUBROUTINE PRINCE(UAQüAYtBOUAY»AZERO) 
DIMENSION AQUAY(20),BQUAY(20) 
WRITE OUTPUT TAPE ?,5,AZERO 

5     FORMAT(IHO///IOHOA-ZERO « E18.8) 
DO 9 J = ltL 
WRITE OUTPUT TAPE 2,7,J,AOUAY(J),J,BQUAY(J) 

7      FORMAT(3MOA-I2,3M ■ E18,8,10H        B-I2.3H = E18.8» 
9      CONTINUE 

RETURN 
END (1,0.0,0,0,0,O.f-.O, 1 ,0,0, Ot 0,0) 
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SUBROUTINE   HARNAL   (PSI.FPSI) 
DIMENSION   PSK 361». FPS 1(361). AQUAY(?0) ,eOUAY(20) 
COMMON   PSI.FPSI ,1 .L.K.DFPSI.AQUAY.BQUAY.AZFWQ 
KN»K-3 
R»l.O 
GO  TO   (5,35,51,1 

5        GRAL   =•   FPSMll   ♦   FPSI(K)   ♦<► .0«FPS I (K-l ) 
DO   12   M.2,KN,2 

12     GRAL   •   GRAL   ♦^.O^FPSKM)   ♦2.0-FPS I ( M*l) 
AZERO  •   (DEPSUGRAL)/9.42^7778 
Q»0.0 
DO   2 5   J=1,L 
0«0   ♦1.0 
GRAND « FPSI(1)»C0SF(Q«PSI( l») ♦EPS I(K»»COSF(0»PSI(K») 

1 ♦4.3»FPSI(K~l)»C0SF(Q»PSI(K-l)) 
DO 20 M«2,KN,2 

20 GRANÜ-GKANü ♦^.0«COSF(0«PSI(M))»FPSI(M) 
I  ♦2.0»FPSI(M>l)»C0SF(Q«PSI(M*n) 
AQJAYU) - ( (2.0»DEPSn/9.A247778)«GRAND 
IF ( 1-31 25,22,22 

22  A0UAY(J)«AQUAYU)/2.0 
25  CONTINUE 

IF(I-3)A9,34,34 
34 AZERO •AZFRO/2.0 

R »0.5 
35 P «0.0 

00 43 J »l,L 
P =P ♦l.O 
TGRAL • FPSim«SINF(P»PSI(l)» ♦ FPSI(K»«SINF(P»PSI(K)) 

I ♦4.0«FPSI(K-l)»SINF(P»PSI(K-n ) 
DO 42 M »2,KN,2 

42 TGRAL «TGRAL ♦4.0»FPSI(M)»SINF(P»PSI(M)) 
I  ♦2.0»FPSI(M*U«SINF{P»PSI{M*n ) 
BQUAY(J) =((2.0«DEPSn/9.4247778)»TGRAL«R 

43 CONTINUE 
49     UPTURN 

END(I,0,0,0,0,0,0.0,0,I,0,0,0,0.0) 
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APPENDIX   D 

Typical Results from Program of Appendix C 

mi .100 LAMBDA   • ,050 3.000 N  •      3.000        GANMt   ■ I   ■      1.000       I   - .MO 

PSI 
.OOOOODf 00 
.110400t 00 
.761T94F 00 
.1«?69«C 00 
.»2Ji99E 00 
.6)««9ftf 00 
.78^9AC 09 
.916298f 00 
. 104T20( 01 
.117ai0F   01 
.no9oor oi 
.1O990E   01 
. isroeof oi 
.1roiroe oi 
.I8)260£ 01 
. 1961S0E 01 
.209419e 01 
.222'>2'if 01 
.2«619€ 01 
.2*9709F 01 
.261799F 01 
.;7«8B9F 01 
.2879T9£ 01 
.)01069F 01 
.31*159F 01 
.J27?*9f 01 
.340339F 01 
.353*296 01 
.366M9E 01 
.379<09f 01 
.392t99F 01 
.*057e9E 01 
.M8879E 01 
.«31969F 01 
.*<i5059F 01 
.«58149F 01 
.*;i239F 01 
.«8029E 01 
.*'>7*19F 01 
.S10509F 01 
.523599F 01 
.536b89F 01 
.5*9779E 01 
.562869F 01 
.575959f 01 
.5990*9E 01 
.602138E 91 
.61S22SF 01 
.6/8118E 01 

S1«>SI 
.io»r.m oi 
.16S6V5F 01 
.13799*F 01 
.34)929E 00 

-.e?9i*ic oo 
.166..8U 01 

-.199575t 01 
-.la57«2t 01 
-.138b74E 01 
-.74tBlTC 00 
-.8351526-01 

.«955BBt 00 

.9?77»3t 00 

.119757f 01 

.131290F 01 
.1296B4E 01 
.1I8251E 01 
.1002e3t 01 
.7e51*0»r 00 
.551892t 00 
.32198«t 00 
.lI0e59E 00 

-.6-}'«ö*5E-01 
■.2131O0E 00 
-.315217F 00 
-.37692,«t 00 
-.*02736f 00 
-.*005B2t 00 
-.3«l«25t 00 
-.3577281 ÜC 
-.342135E 00 
-.345761t 00 
-.376096f 00 
-.*3*>85t 00 
-.513372F 00 
-.59651*6 00 
-.657fl9*t 00 
-.66*5 3*F 00 
-.587656F 00 
-.*16'>3*f 00 
-.1695*C6 00 

.1050636 00 

.3316606 00 

.4;/621E 00 

.33 '3926 00 

.1107176 00 
-.33375*6-01 

.2639676 00 

.10510*6 01 

S2rSI 
-.2260986-01 

.7893886   00 

.17 3B13E   0| 

.212*826   01 

.1752376   01 

.B6*239F   00 
-. 188*666   00 
-.113131F   01 
-.18072IE   01 
-.215793F   01 
-.2196896   0| 
- 1987876 01 
-.161939E 01 
-.1173**E 01 
-.71*8326 00 
-.2926**E   00 
.6»M69t-0l 
.3*13066 00 
.539711F Ov 
.66033at 00 
.711*23E 00 
.7023776 00 
.6*5*B8E 00 
.55**13E 00 
.**3I776 OC 
.3253886 00 
.2133*86 00 
.11695.6 00 
.*25131F-C)1 

-.81*9916-02 
-.3827706-01 
-.5639656-01 
- .76189*6-01 
-.1152976 CO 
-.1923306 00 
-.322670t 00 
-.5135276 00 
-.7557666 00 
-.ni6A3. 01 
-.12*3756 Oi 
-.1376116 01 
-. 136C8*6 01 
-. 117*056 01 
-.8*07956 00 
-.*5299?6 00 
-. 16677«i6 00 
-.122222E   00 
-./'26*8*6    00 
- 22'.l*3E-Ol 

S3PSI 
.3702126 01 
. »159816 01 
.252*051 01 
.13*1)06 01 
.3077966 -06 

-.129*716 01 
-.2352856 01 
-.3026*1E 01 
-.3228726 01 
-.29**196 01 
-.2227606 01 
-.11938 36 01 
-.1302906 -05 

.1177*66 01 

.2167*16 01 

.2B272*E 01 

.3061996 01 

.2836936 01 

.2182326 01 

.1189676 01 

.2910896 -05 
-.121*696 01 
-.227*536 01 
-.3016866 01 
-.3319976 01 
-.3122*96 01 
-.2*35336 01 
-.13**026 01 
-.5578876 ■05 

. 139859t 01 

.26351*6 01 

.3507996 01 

.386*096 01 

.3627266 01 

.29152*6 01 

.15*1516 01 

.987*116- ■05 
-.1565526 01 
-.29026*6 01 
-.379*156 01 
-.*096*26 01 
-.37^*326 01 
-.285hOk6 01 
-.1530656 01 
- .1110906- -0* 

. 1*8991[ 01 

.2709886 01 
.3*81296 01 
.3702126 01 

S*PSI 
.0000006 00 
.I3912T6 01 
.252*046 01 
,3236171 01 
.1**26*6 01 
.J12572E 01 
.2352851 01 
.1293986 01 
.7697876 -06 
.1219926 01 
.2227996 01 
.28921H 01 
.3099086 01 
.28*2696 01 
.2167*16 01 
.1171086 01 
.169)996 -05 
.117909F 01 
.2182)26 01 
.2872126 01 
.3138096 01 
.2932926 0! 
.2/7*9*6 01 
.12*9636 01 
.39 711*1 -05 
.129))76 01 
.2*)9)36 01 
.)2**7)6 01 
.3582696 01 
.3376906 01 
.2635156 01 
.1*5)066 01 
.6938)26- ■05 
.1502*5r 01 
.291523C 01 
.372151t 01 
.*06906l 01 
.377953E 01 
,2902656 01 
. 157160'r 01 
.9919236 -0' 
.1559226 01 
.2957996 01 
.3695296 0! 
, 39*975f 01 
.3597056 01 
.2709896 01 
.l**201f 01 
.1129926- 0«. 
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S1PSI 

ZERO 

k-   9 

k-10 

-.2M115I3C-01 

.25145815E-01 B-   I 

.10111784E   00 B-   2 

.62900*31E   00 J-   3 

.2816**75F   00 B-   * 

.9l5*8303E-0l B-   5 

.2217*516E-01 B-  6 

.18064930E-02 B-   7 

-.*73836*0E-02 B-   8 

-.60*23293E-02 B-  9 

-.502864*8E-02 B-IO 

.291835356 00 

.633^0063f 00 

■.27584056E 00 

.239l**35E 00 

.35043*67E 00 

.26881925E 00 

.17^96643E 00 

.110876*2E 00 

,70610853E-01 

.45569707F-01 

S2PSI 

A-ZERO   - 

A-   I   - 

A-   2   • 

A-   3   • 

A-   *   - 

-.22339575E   00 

,230057026   00 

9076«877E 00 

,515935886 00 

.9150*1556-01 

B- I 

B- 2 

B- 3 

8-   * 

.110*7615E-01 

.135777*2£ 00 

.659141ME 00 

.30250693E   00 
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A-  5 - 

A-  6 " 

A-  7 ■ 

A-   8 ■ 

A-   9 - 

A-10 - 

•.26919161E 00 

■.2236708^E 00 

-.14919041E 00 

•.95658010E-01 

•.60*39077E-0l 

•.37l7*83lE-0l 

Q-   5 

B- 6 

B- 7 

B- 8 

B- 9 

B-10 

.10M9498E 00 

.29961998E-01 

.66204*93E-02 

•.22677273E-02 

.51788870E-02 

. 50278204E-02 

S3PSI 

A-ZERO  • -.14096730E-02 

A-   I   • -.17254469E-01 B-   I   - 

A-   2   ■ .96945646E-01 B-   2  - 

A-   3   • .35455516E  01 8-   3 - 

A-   4  - .96940739E-01 B-  4  ■ 

A-  5   - -.17257415E-01 B-   5   - 

A-  6   - -.14103765E-02 B-   6  - 

A-   7   - .17204632E-05 B-   7  - 

A-  8   ■ .36669273E-05 B-   8  • 

A-   9   - -.11167592E-05 B-   9   - 

A-10   « -.13137857E-05 B-10  - 

.946881 94E-02 

.24101576E 00 

.31801561E-05 

•.24099350E 00 

•.92455038E-02 

.15222281E-02 

.22320531E-03 

.21800398E-04 

.29984447E-05 

.50332809E-06 

S^PSI 
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A-Z6R0  = .15222061E-02 

A-   1   • -.90223721E-02 B-   I   - 

A-   2   « -.2*097212E  00 B-   2  - 

A-   3  « .31B18U7E-05 B-   3  ■ 

^ ■     ^    a .240994^2E   CO B-  4   ■ 

A-  5   » .92^56488E-02 B-   5   - 

A-   6   « -.15222091E-02 B-   6  • 

Ä-   7   » -.22318876E-03 B-  7  » 

A-   8  • -.21850483E-04 B-   8   « 

A-   9   * -.29959611E-05 B-   9  ■ 

A-10  = -.43792856E-06 B-10  - 

-.17259163F-0t 

.96937053E-0. 

.35455525E 01 

.96941967E-01 

-.17256195E-01 

-.14090571E-02 

.29909941E-05 

.48826136E-05 

.14238a87E-06 

.29802321E-07 
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NU .100 LAMBDA   > .0)0 3.000 3.000        GANMA   ■     2.09439 I.000 .800 

PSI S1PSI sepsi S3PSI S4PSI 
.00000OE 00 -.176251E 01 -.4608946 01 .427299E   00 -.0000006  00 
.130900F 00 .8S2773E 00 -.4429486 01 .437500E  00 .1812186   00 
.261799E 00 .277902B 01 -.3159906 01 .3655996  00 .3655996   00 
.392699E 00 .362U0E 01 -.1297766 01 .212698E  00 .913401F   00 
.V3599E 00 .333976E 01 .5269386 00 .5252 65E-07 .9874996   00 
.654498E 03 .226321E 01 .1801436 01 -.2336416  00 .9640996   00 
.7SS398E 00 .8342716 00 .2352996 01 -.4*0703E 00 .440703E   00 
.916298E 00 -.521477E 00 .2247396 01 -.577057E  00 .239029r   00 
.104 720E 01 -.I62$98E 01 .1643946 01 -.6142146   00 .1464406-06 
.1178I0E 01 -.232330E 01 .7307496 00 -.5473906 00 -.2267206   00 
.130900E 01 -.257300E 01 -.3038996 00 -.396272E  00 -.3962726   00 
.U3990E 01 -.239068E 01 -.1292926 01 -.198992E  00 -.4e0312E   00 
.197080E 01 -.184963E 01 -.2101346 01 -.199168E-06 -.4731326   00 
.170170E 01 -.103060E 01 -.2639196 01 .161743E 00 -.390483E   00 
.183260E 01 -.1120936 00 -.2832326 01 .262288E  00 -.2622886   00 
.1963$UE 01 .822766E 00 -.2669986 01 .299768E   00 -.1229116   00 
.2094J9E 01 .I99031E 01 -.2200806 01 .271990E   00 -.1469206-06 
.222529E 01 .207l4tE 01 -.1986896 01 .210337E  00 .8712426-01 
.233619E 01 .230094E 01 -.1027996 01 .132819E  00 .1328196   00 
.248709E 01 .2490326 01 -.5578436 00 .584514E-01 .1411146   00 
.261799E 01 .257906E 01 .797 3946- -02 .113471E-06 .1223276   00 
.274B89E 01 .232297E 01 .7633806 00 -.3686966-01 .8901146-01 
.287979E 01 .219263E 01 .1551766 01 -.3263786-01 .9263796-01 
.3010691 01 .1322386 01 .2180716 01 -.5194516-01 .2191646-01 
.3M159E 01 .7444096 00 .2574796 01 -.4131186-01 .48170?r-07 
.327249E 01 -.1187066 00 .2718956 01 -.2711406-01 -.1123096-01 
.340339E 01 -.1006826 01 .2586006 01 -.1416006-01 -.1416006-01 
. 333429E 01 -.1810436 01 .2190996 01 -.5008306-02 -.1209106-01 
.3663I9E 01 -.2453716 01 .162817E 01 -.1297326-07 -.8331246-02 
.379609E 01 -.2964116 01 .9581416 00 .2146046-02 -.9181006-02 
.392699E 01 -.334736E 01 .101378E 00 .3408166-02 -.3408176-0/ 
.403789E 01 -.346031E 01 -.9994796 00 .5469646-02 -.2269626-02 
.M8879E 01 -.314044E 01 -.2218056 01 .89113OE-02 -.1600106-07 
.431969E 01 -.234384E 01 -.3333306 01 .127889E-01 .5297316-02 
.445059E 01 -.113711E 01 -.4141996 01 .147153E-01 .1471936-01 
.438149E 01 .333061E 00 -.4480466 01 .114640E-01 .2767636-01 
.A71239E 01 .194124E 01 -.4240136 01 .9051796-07 .4146456-01 
.«B029E 01 .3395796 01 -.3381006 01 -.212603E-01 .5132726-01 
.A97419E 01 .4471066 01 -.1938496 01 -.512533E-01 .9129386-01 
.510509E 01 .4912226 01 -.4563086- ■01 -.854744E-01 .3540496-01 
.523599E 01 .4501346 01 .20 38836 01 -.115925E   00 .2 807066-06 
.936689E 01 .313576E 01 .392783E 01 -.13206flE 00 -.9470416-01 
.549779E 01 .918791E 00 .515602E 01 -.1228716  00 -.1228716   00 
.362 869E 01 -.177378E 01 .529309E 01 -.7976676-01 -.1929726   00 
.575959E 01 -.429857E 01 .4111016 01 -.6943426-06 -.2468696   00 
.989049E 01 -.587307E 01 .1773686 01 .1104926  00 -.2667936   00 
.602138E 01 -.9a9066E 01 -.1052996 01 .2357646  00 -.2397696   00 
.61)228E 01 -.4316746 01 -.3420616 01 .3510906  00 -.1494276   00 
.628318E 01 -.1762546 01 -.4608541 01 .42 72546   CO -.1303966-05 
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S1PSI 

A-ZERO 

A-   I 

A-   2 

A-   3 

A- 4 

A-   5 

A- 6 

A- 7 

A-   8 

A- 9 

A-IO 

-.♦2709232E-01 

.21139M2E  00 

.3711100TE  00 

.1180I338E   01 

21306370E 00 

.%9026115E-0l 

,8739?526E-0l 

,57828**9F-0l 

.17061530E-01 

.23163780E-01 

32263728f-02 

8- .21096176E  00 

8- -.11780591E   01 

B- .27526765E   01 

8- .19521114E  01 

B- .80651021E   00 

8- .26319832E  00 

B- .18170567E  00 

8- .74928516E-02 

6- .97607718E-02 

8- 10  • .12639331E-01 

S2PSI 

A-ZERO   « -.23103523E   00 

A-   1   « -.11731506E  00 B- 1   • -.12839404E 00 

A-   2   «= .131I0791E  01 0- 2  - -.34214275E 00 

A-   3   - -.25415402E   01 B- 3   • -.12022938E 01 

A-   4   " -.18638599E   01 B- 4   - -.21291893E 00 
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A-   5   - 

A- 6 - 

A- 7 ■ 

A- 8 - 

A-   9   ■ 

A-10   - 

•.7736043*E 00 

.22*9*183E   00 

•.18027032E 00 

.56673586E-02 

•.53487776E-02 

.98697685E-02 

B-   5 

B- 6 

B- 7 

B- 8 

B- 9 

B-10 

.3112A090E-01 

.77201430E-01 

-54323212E-01 

.11827571E-01 

.232324836-01 

.40925261E-02 

S3PSI 

A-ZERO   « -.52749978E-02 

A-    I   - -.61597183E-02 B- -.33990984E-01 

A-   2  - .10176542E   00 B- -.10989538E   00 

A-   3   • • 24660170E   00 8- .22481971E-04 

A-   4   • .10166075E   00 8- .10986031E   00 

A-   5   « -.57524160E-02 B- .33329481E-01 

A-   6  - -.52747615E-02 8- .19136677E-02 

A-   7   - -.40681027E-03 B- -.62015753E-03 

A-   8   - .99350462E-04 8- -.33505829E-04 

A-   9   - -.79803994E-06 8- .22507117E-04 

A-10  - -.53294932C-05 8- 10  • -.l544l845E-0b 

S4PSI 
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A-ZERO   = .1913A452E-02 

A-   1   = .32710506E-01 B-   1   « -.53^63580E-02 

A-   2   * .10982835E   00 B-   2   • .10156655E   00 

A-   3   = ,22478504E-04 B-   3   » .2A660312B   00 

A-   <►   * -.10986342E   00 8-   4   » .10167123E   00 

A-   5   = -.33331998E-01 P-   5   » -.57536605E-02 

A-   6   = -.1913??20E-02 B-   6   « -.52752415E-02 

A-   7   » .620)2366r-03 R-   7   = -.A0656083E-03 

A-   8   » .335<»?513r-0A B-   8   « .99517556E-0A 

A-   9   = -.22A33904F-0'. P-   9   x -.62098517E-06 

A-10   « .15768843^-05 B-10   » -.51412109E-05 
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APPENDIX   E 

Program   II with Typical Resuifs 

OIMCNSION  PSIIfO),ANG(50),ZETA(6).rw(50),T(6t50I.CO(50),SI(50), 
UI20l«Bf20i 

COMMON  CLiEMUtAMBOA(CrA 
1 READ   INPUT  TAPE  *t2t 111IKfNZ»NH.K.OEPSI »AO 
2 FORMAT(3I2(2I3.E13.0,E8.3) 

ZN  ■   NZ 
CON  -  6.2831852/ZN 
ZETAUI-O.O 
00   10   I   -  2.NZ 

10        ZETA(1)-ZETA(I-1)^C0N 
psim  - 0.0 
00   3   J   -   ItK 
ANGU1-57. 295 781 «PS IN) 
Ca(J)-COSF(PSIIJ)) 
SKJI   -   SINF(PSMJ)) 

3 PSI(JM*«PSI(.mOEPSI 
4 READ   INPUT  TAPE  4,5»EMU*AMBDA,IJ 
5 FORMAT(2ES.3f12) 
6 READ INPUT TAPE ^,5,EL,ETA 

BLE»AO«(EL-ETA) 
WRITE OUTPUT TAPE 2t12*NZlEMUtAMBDA.ELtETA.DEPSI 

12 FORMAT«1H1 12,UH BLADES MU - F6.3,11M LAMBDA > F6.3,6M L - 
1F6.3,8H ETA - F6.3fl3H DELTA PSI • F8.3/1H0/66H PSI TOTA 
2L WAKE        CONTRIBUTIONS FROM INDIVIDUAL BLAOES/1H0) 

00 30 J - l.K 
TWIJI • 0.0 
00 25 I - 1,NZ 
PZA-PSH JI^ZETAII) 
IF(I-l) 13,13.16 

13 THNU«FMU*C0(J) 
THOE"EL*EMU»SI(JI 
IFIABSFITHOEJ-.00001)   20,M,1* 

IA        DELTA»ABSP(ATANF(THNU/THOE)) 
IFITHDE)      15,115,115 

15 OELTA-3.1M5926-0FLTA 
115 IF(THNU)    116,117,117 
116 DELTA  •   -  DELTA 
117 T(IfJ)-|1.0-SINFIDELTA))/( I EL-ETA)«COSF|DELTA) ) 

GO   TO  22 
16 CALL   OUDKSII J),PSI( J),PZA,KER.PHI) 

PZP-PZA-PHI 
IFIKER-2)   17,60,17 

60 WRITE   OUTPUT   TAPE   2,61,ZETA(I) 
CO   TO   20 

61 F0RMATI25H0N0   CONVFRGFNCE   AT   ZFTA   -   F10.7) 
17 0   •   EMU»PZP 

Z   ■   IAMBDA»PZP-BLE)««2 
ERN   ■   FL"2-(D«SIIJ) )»»2 
IF(ERN)   20,21,21 

20 TlI,JI   ■   0,0 
GO   TO  22 

21 ERN   -   SORTF(ERN) 
YC«D«COIJ)*CRN-ETA 
THNU--EMU»COSMPHl ) 
1H0E-FL»EMU»SINF|PHI) 
IFIABSF(THDE)-.00001)   20,70,70 
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70 PSD-ABSF(ATANF(THNU/THOEn 
IFtTHOE)   7l»72,72 

71 PS0O.1415926-PSD 
72 IF(THNU)   73f7At7^ 
73 PSO--PSD 
74 OELTA«PHl-PSnj)-PSO 

UTT«YE*COSF(OELTA) 
T(IfJ)«2.0»UTT/(Z*UTT«»2I 

22   TW{J|i»T(I,J)4TW(JI 
25   CONTINUE 
30   WRITE OUTPUT TAPE 2,33, ANG( J ), TWU », ( T 11, J I, I-l,NZ ) 
33   FORMATUH F8* 1,F13.5,F15.5,5F12.5J 

CALL HANEW(PSI,TH,KtNH,OEPSI.AZERO,A,BI 
WRITE   OUTPUT   TAPE   2,^,AZER0, (N, A(Nl ,N,B(N) ,N-I ,NH» 

hh        FORMATdBHIHARMONIC   ANALYSIS/IH0/9H0A-ZER0  «^2.5/( 3M0A-I2,lH» 
ll2.5t5X,3H  B-I2,IH«   E12.5)) 

PUNCH   l01,AZEROf (A(J),J»l,NH)tfBm,I"l,NH) 
PUNCH   100,(TW(J),J-ltK) 

100 F0RMAT(6E12.5I 
101 F0RMATi5El4,7) 

IJ ■ IJ - 1 
IF(IJ) 53,53,6 

53 IK • IK - 1 
IF(IK) 54t54tA 

54 II - II - I 
mm 56,56«! 

56   CALL EXIT 
END(1,0,0,0,0,0,0,0,0,1,0,0,0,0,0) 
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SUBROUTINE OUDl(SI,PSl,PZA,KERt^Hl) 
COMMON EL.FMU 
NC ■ I 
KFR • I 
Cl-EMU«SI 
PHI - PSI 

2 FFOD-ClMPHl-PZA|fEL«SlNF(PHl-PSI) 
EFPüO«Cl*FL»COSF(PHl-PSI) 
ÄO - EFOD/EFPOD 
IF(ABSF(AO)-.OOOOl) 10,10,4 

4    NC ■ NC ♦ I 
IKNC-10) 8,8,6 

6    KFR - 2 
CO TO 10 

3 PHI « PHI - AD 
GO TO 2 

10   RETURN 
ENO(1,0,0,0,0,0,0,0,0,1,0,0,0,0,0) 
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SUBROUTINE HANEWtPSI,T,KfNU,üEPSI,AZERO,A,R) 
DIMENSION PSI(50),T{«50)fA{20»tB(20),«(50l 
0 ■ OEPSI/9,42^7778 
AZERO ■ T(1»*T(K)44.0»TI2) 
00 2 II ■ l,NH 
A(II) -0,0 

2    Bdl) - 0.0 
Wll)«1.0 
W(K)«1.0 
W(2)*4.0 
KKK - K - I 
00 4 JJ • 3,KKK,2 
W(JJ)-2.0 
W(JJ«n-4.0 
AZERO • AZERQ ♦2.0»T(JJ)^4.0»TIJJ41) 

4    CONTINUE 
AZERO - 0.5*Q*AZER0 
00 8 II - lfNH 
FLL - II 
00 10 NB ■ l,K 
A(n)-A(II)*W(NP)»T(NB)«COSF(FLl*PSl(Nfc) ) 

10   BCin-B(in*W(NB|-T(NB)«SINF(FLL*?SlCME.) > 
A(in-Q«Acin 
B(in - Q*B(in 

B   CONTINUE 
RETURN 
ENOdfOfOfOtOfOtOtOtOtltOfOfOfOtO) 
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4 BLIOES   MU -  .ZOO   LAMBDA -  .029  L > 1.000   ETA •  .990  DELTA PSI ■  .76180 

PSI TOTAL WAKE CONTRIBUTIONS FRON INDIVIDUAL BLADES 

0. 
19.0 
30.0 
49.0 
60.0 
75.0 
90.0 
109.0 
120.0 
139.0 
190.0 
169.0 
1B0.0 
199.0 
210.0 
229.0 

26.93726 
28.52676 
31.79959 
37.96899 
51.02715 
69.90268 
26.79167 

-22.80051 
-9.02990 
2.99336 
7.36065 
9.89217 

11.10686 
11.22926 
10.05869 
6.81989 

16.39608 
16.66103 
17.09723 
17.67696 
IS.36(79 
19.19119 
20.00000 
20.88667 
21.77725 
22.63091 
23.39560 
26.00812 
26.39608 
26*68566 
26.21600 
23.56381 

5.56507 
6.08986 
7.15731 
9.07676 
12.79333 
21.52012 
27.70366 
-29.71257 
•16.90221 
-11.81830 
-9.61682 
-8.16929 
-7.57629 
-7.66266 
-7.82017 
-8.80556 

2.96902 
3.37927 
6.26565 
5.96833 
9.89772 
15.16319 
'15.62652 
-8.97872 
-6.17026 
-6.80810 
-6.06156 
-3.66970 
-3.66602 
-3.67990 
-9.71366 
-6.25386 

2.02708 
2.39660 
3.25956 
5.22856 
9.9683? 

-9,91178 
-7.52752 
-6.99569 
-3.T3668 
-3.01116 
-?.57856 
-2.33700 
-2.26696 
-2.31385 
-2.62368 
-3.68655 

NO CONVERGENCE AT ZETA 
260.0      6.36870 
259.0    16.89822 

6.7123889 
22.96673 
21.32629 

•10.91126 
•15.67933 

-5.28680 
-7.02600 

0. 
18.27926 

NO  CONVERGENCE  AT  ZETA 
270.0 -8.32569 
285.0 16.77329 

6.7123889 
20.00000 
18.75796 

•19.19659 
20.03869 

-9.12888 
-9.07633 

0. 
•16.96902 

NO CONVERGENCE AT ZETA 
300.0 38.60882 
315.0 35.21126 
330.0 28.38611 
365.0 26.71620 
360.0     26.93726 

6.7123889 
17.72678 
16.97518 
16.51800 
16.33622 
16.39608 

10.66290 
7.17173 
5.86963 
5.63521 
5.96507 

10.23999 
9.09396 
9.37712 
2.92165 
2.96902 

0. 
6.01077 
2.66136 
2.02112 
2.02708 
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HARMONIC   ANALYSIS 

A-ZERÜ •  .leOSTF 02 

A- I« ,15947C 02 B- 1« •91212E 00 

A- 2« .29015E 01 B- 2« .62804E 01 

A - 3« • -.11550E 02 8- 3> -.11793F 01 

A- ^« • -.359UE 01 8- hm -.73613E 01 

*.- 5- .^^264E 01 B- 5» •16926E 01 

.\- 6« .19471E 01 B- 6« .74949E 01 

A- 7- • -•1875*6 01 8- 7« -.19209E 01 

A- P« .28111E 00 8- 8- -.56557E 01 

A- 9« ,3498K 01 B- 9- .2A231E 01 

A-IO« -.12*56F 01 8-1 10- .3^025E 01 
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NO CONVERGENCE AT ZETA • 3.1415926 
300.0      7.77835       -2.95908 0. 0. 10.737*3 

NO CONVERGENCE AT ZETA ■ 3.1415926 

NU CONVERGENCE AT ZETA ■ 4.7123889 
315.0    -13.50982      -2.72228 -10.78755 0. 0. 

! 

i 

NO  CONVERGENCE   AT   ZETA  •   4.7123889 
330.0 20.00500 -2.62685 14.51674 8.11511 0. 
345.0 20.80732 -2.63173 15.87829 4.73445 2.82631 
^60.0 23.23921 -2.70813 17.66847 5.29967 2.97920 
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HARMONIC ANALYSIS 

-ZERO  ■   -.737q8E   01 

- I»     .97T73F   01 B-   1-   -.9m:?E   0: 

- 2-     .73915E   01 B-   2-      .^Ö??^   01 

- 3-     .10012C   02 B-   3«      .40O65E   00 

- <♦■     .76078E   01 B-  *«      .360631.   00 

- 5-     ,*050bt   01 P-   5-      .16712E   01 

- 6-     .*7120E   CO B-  6«      •131126   01 

- 7-   -.3B262E   01 B-   7-      .13126E   01 

- P-  -•636^3E   01 B-   8«      .59635F   00 

- 9«   -.53324?   01 P-  9-   -.40836E   00 

-10«  -.30983E   01 B-10«   -,613896   00 
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APPENDIX   F 

Program Ml with Typical Results 

3 

8 
9 

10 

11 

12 
1) 

ib 

lb 

17 
18 
20 

?? 
23 

DIMENSION E 
1(50),01(30), 
2,50),0(20,21 
3FLC(8) ,ELS(H 
READ INPUT 
FüRMAMEll. 
Hi'   NH/2 
MN » M ♦! 
Rürt « 1.0/B 
DEMU *   0.5» 
E2M.0.5»EMU 
READ INPUT 
FORMAf (4E8 
PSI ( 1 )=0.ü 
in =  o 
00 6 J > 1, 
ANGlJ)»57.2 
CO(J) « COS 
SI(J) - SIN 
CT(J) - COS 
ST (J) * SI 
CTT(J)«COSF 
PSKJ^U = 
STT(J)   =   SI 
00 T IJI » 
TIMES! UI ) 
00 20 1 » 1 
DO 13 J » 1 
READ INPUT 
READ INPUT 
F0RMAT(5E1A 
FORMAT (6E1 
GO TO (13,1 
READ INPUT 
RFAO INPUT 
DO 11 K • 1 
A(I,J,K) « 
DO 12 L » I 
Bir.TTlT-- 
CONTINUE 
Q( I ,MN)=HUI1 
DO 18 N = 1 

DO 15 R ■ 1, 
At I ,N,K^ = 
DO 16 L « 1 
B( l,N,L)> B 
0(1,N)'A(I, 
IF(I-N) 18, 

01 l,N)-0 
0(I,MN)<0(I 
CONTINUE 
CALL CRnilT( 
IFUJ) 24,2 
WRITE OUTPU 
F0RMATI3eHl 
GO TO 6<» 

TA(10),THETA(10),F( 10),&( 10),PSI(5U).ANG(501,SI CiC) ,C0 
ST(5O),CTT(50),SrT(50),C(21),0(50)LA(1J,10,21),B(10,10 
),Z(20),TIMFS(10),ELAM( 10,21),PL(10,50),GCflö),GS(10), 
I 
TAPE 4,2,DEPSI,B0ER,TANMÖ;?MÖ;cP", ii.M;KP,NH,NGP,l2P 
8,4E8.3,613) 

OER 
EMU 
• EMU 
TAPE 
.3) 

<.,<»,(ETA(I),THETA(I),F(I),G(I),I = 1,H) 

KP 

F(PS 
FIPS 
F(2. 
NF(2 
(3.0 
PSM 
NF(3 
l.M 
=•   ET 
tM   ' 
,MN 
TAP': 
TAPu 
.7) 
2.51 
0), I 
TAPE 
TAPE 
,NH 
At I, 
,KP 
B(I. 

I'PSIUJ 
l(J)l 
IIJ)) 
0«PSIU)) 
.O-PSKJ)) 
•PSKJ) ) 
J)   ♦   DEPSI 
.o«Psiun 

A(IJI)»THETA(IJI) 

A,8,(A( I,J.K 1,K * 1,NHI 
A,9,(B(I,JtKI.K'l.KP) 

2P 
4,8,(CCLIfL«ltNH) 
*,9, (DU) ,L»1,KP) 

J,K)    ♦   C(K| 

J,L)   ♦   OUT 

•T>NMU 
,M 
NM 
A( I ,N,K)   -Mlti^l^K) 
tKP 
( I .N,L)-B(I,N»l,L) 
N,l) 
17,18 
( I,N)    ♦   ROB 
,MNMAJJ,N,1)«TIMES(N) 

JJ.M,0,Z) 
^,22 
T    TAPE   2,23 
NO   SOLUTION--DIAGONAL ELEMENT    =    ZF-tO.I 
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2<»   WRITE OUTPUT TAPE 2 , 25, ( ET A ( I ), I » I, M I 
25 f:ORMAr(28HlLOAD COEFFICIENTS FOR FTA = , 9 ( r6, 3 , 1 H t )//) 

WRlfE OUTPUT TAPE 2,26,ID,(2(I),I -1,M) 
26 FURMAT(l3HOHAKMGNIC NO. ,12,9^13.5) 

DO 28 K « 1,M 
28   TIMES(K)«BOCR»(TIMFS(K)-Z(K)) 

DO 35 J=?fNH 
ID = J - I  
DO 30 I = 1,M 
ELAM(I,J) = O.U 
DO 30 K = l,M 

30   ELAM(I.JIsELAMII,J)*TIMESIK)»Ä(I,K,J) 
35   WRITE OUTPUT TAPE 2 , ?6 , I U, ( EL AK ( N , J ) , N= T.H) 

DO   <.!    I    =    1 ,M   
WRITE   OUTPUT    TAPE   2,<»2,ETA(1) 

^2        FnRMAT(22HlLAMHDA(PSn    FOR   CTA   =   F6.3//) 
DU   AI   J   =    l,KP 
PL(I,J)    =   TANMU 
DO   A 3   K   =    I , M 

A3 PL( I ,J)=PL ( I , J)*TIMrS(K)»R( ItK,J)     
WRITE   OUTPUT    TAPE   2,44,ANGIJ),PL<!tJT 

AA        FORMAT(IN   F7.2,ri3.6) 
Al        CJNTIMU^ 

WRITF   OUTPUT    TAPE   ?,A5 
A5        F0RMAT(AH1FTA,9XIAHL3-C, IIX , AHL 3-S , 11 X,4HLA-C , l). X , AHLA-S , 11 X ,AHL5 

1-C,11X,AHL5-S,11X,AHL6-C,11X±AHL6-S/»   
DO   50   J   »   lfM 
DO   A6    I    =   2,7 
NNN   =   N2   ♦    I 
GC( I )=F( J)»FLAMU,I*1)-GU)»ELAM( J,NNN} 

A6        GS( I ) = F( J)»ELAM( J.i^NN) ♦GI J I »EL AM ( J , 1 ♦ 1 j 
DO   AY   K   =    3,6   
ELC(KI = CF»( ETA( JUGCItO^DEMUMr.SIKMRr.SIK-I ) ) ) 

A7        ELS(K)»CF»(ETAU)»6S{K)+0CMU»(GC(K-U-GC(K+im 
WRITE   OUTPUT    fAPF   2,Ay,ETA(J ) ,IELC(L) , EL^(L),L = 3 ,6) 

A9        F(JRMAT( IHL-Ffe. 3,HE15.6) 
50        CO.MTlrJUF 
52        READ   INPUT    TAPE   A,5A,AZFRO,AONT,BONE 
5A        FORMATI3ER.3) 

DO   6 3    I    =    1,M 
WRITE OUTPUT TAPE 2,56,ETA(IJ 

56   FORMAT(6H1L TA =F6.3/AH0PSI,IIX,AHL( I ) ,12X,AHL(G) , 1 OX,9HL(I)♦L(G), 
15X,26HL(G*I)-HARMONICS EXTRACTFU//) 

C = L FAI I )»»2 
Cl = THETAM)»(C*E2M)-ETA(I )»FMU»AO,ME 
C?«2.3»EMu«THtTA( I )»ETA( I )-AON[:»(C* l.3»F2M) 
C3 = BÜvie»(C«-.5»E?M)-EMU»AZERU«P1A( I ) 
CA = EMU»nnNt»ETA( ! )-AZER0»E2M 
C5=EMU»A0NE«ETA( I)-THETA I I )»L ^ 
C6= 0.5«E?M»AUNr 
C7* -0.5»E2M»B0NE 
Bl«ETA( I)»Z{ I )*DEMU»ELAMn,N2*l 1 
B2«ET 411)»ELAM 11,2)♦0EKU»ELAM( I,N?*^) 
B3«FTA(n«CLAM(I,N2*l)*EMU»Z(I)-DEMU»:LAM(1,3) 
BA«ETA( n»CLAM( I, BJ-DEVU^IELAMd t^?*n-ELAM{ I ,N2*3I ) 
B5»ETA( n»ELAMl I,N2*2)*DEMU»(ELAM( I,2)-ELAM( I »AH 
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00   63   J   =    l,KP 
^   =   CFMFMI 1 )*EMU»SI ( J) )   

ELCYE=-K«PL(1,J) 
ELG=CF»(CUC2»SI ( J ) ♦C3»Cü( J ) ♦CA^ST ( J J ♦C^«CT I J UC6«STH JMCT^Cl T ( J) 

1) 
SUML=ELG*CLEYE 
HEL= + ELEYE + CF*(B1^B2»C0( J)+B3»SI( jr<-BA«CTIJ)+Bi»«STCJ)l 
W«ITE OUTPUT TAPE 2 , 38 t ANG( J ), ELFYE , ELCt SWL,HE L  

58   FORMATdH F7.2,AE16.6) 
63   CONTINUE 
6A   NGP = NGP - 1 

IF(NGP) 66,66,52 
66   11 = 11 - 1 

IFdl) 68,68,1   
68   CALL EXIT 

ENO(1,0,0,3,0,0,0,0,0,1,0,0,0,0,0) 
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SUB^OUTINC CROUT(JJfM.A,Z) 
DIMENSION A(20,?1),Z(?0) 
JJ»-2 
MN ^ M ♦! 
DO 27 I » 1,M 

NN = I 
DO 2^ J = 1,MN 
SUMA = 0.0 
IFIJ-1)   25t2'J,9 

9       IF ( I-l)  19,19,12 
12    DO 13 K = l,NN 

SUMA = SUMA+A(I,K)»A(K,J) 
15     CnNTINUp 

17     A( I,J) = AC I,J)-SUMA 
IF (i-J) 19,26,26 

19     IF (Ad,!))  23,21,23 
21    JJ = 4 

CO TO 35 
23      A(I,J) ■ A(I,J)/A(1,1) 
26 IF(I-l-NN)  25,25,2A 
2A     NN = N^ ♦! 

25       CONTINUE 
27 CONFINUF 

IN = M 
Z( IN) = A(M,MN) 

28 IN = IN -1 
IF(IN-I)  35,29,29 

29 SUMB = 0.0 
KK » IN ♦ 1 
DO 31 K = KK,M 
SUMO = SUMB ♦ Z{K)»A(IN,K) 

31   CONTINUE 
Z( IN) = A( 1N,MN) - SUMB 
GO Tu ?ö 

35     RETURN 
ENl)( 1,0,0,0,0,0,0,0,0,1,0,0,0,0,0) 
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LOAD   COEFFICIENTS   FOK   ETA   » 

HARMONIC   NO.   0 .327WE-01 

HARMONIC   NO.    I .22231E-J1 

HARMONIC   NO.   2 .<»1460E-32 

HARMONIC    iO.    3 -.11705E-01 

HARMONIC   NO.   ^ -.8a3^7r-0? 

HARMONIC   NO.    rJ .25*96E-02 

HARMONIC   NO.   6 .255^9E-J2 

HARMONIC   NO.    J -.2?913E-J? 

HARMONIC   NO.   3 - . 2^69 F.-03 

HARMONIC   NO.    9 .332Ö2E-J2 

HARMONIC   NO.10 -.372^?E-02 

HARMONIC   NO.U .16680E-J2 

HARMONIC   NO.12 -.1290*E-J3 

HARMONIC   NO.13 -.9A060E-03 

HARMONIC   NO.U .2*553E-w)3 

HARMONIC   NO.15 .91562E-J* 

HARMONIC   N0.f6""-.13683E-02 

HARMONIC   NO.17 -.n085E-i2 

HARMONIC   NO.18 .46*77E-D3 

HARMONIC   N0.19 ^-.r5MTF-Ö3 

.950t       .850t       .7->0.       .603,       .300, 

.26967E-01 .2^287^-01'      ^26822E-Öi~      .2Ö6ÖIE-oi 

.21895E-01         .I636^F-'Öl      -.IP054E-53     -.217<»9E-02 

-.**885E-02 -.14*l9E-öI""I^Ä3 768f-Ö?~"-^987Sbr-0 3 

-.92?75fc-02 - ,3B95bt-Öy ~ -'.WiOil^OV   -. <*V97 iE-OV 

-.2*B*8E-03 -.24l82E-bl        . 15770F-ÖT    -',lT2?Yf-7y5~ 

-.65105E-03 -.268A7=-Ö2""';21982E1Ö2   '1l29281E-52" 

.^15126-03        .2685?c-Ö2"     ^ IÖD5U-Ö2   "-T 32fti'7E-02 

.12D95E-02 -.9*535€-03     -.11379E-02     -.92176F-03 

.<l8575E-05        .l*Al9e-ö2"'-;5995SE-Ö2   "-.2ÖÄ79E-J2" 

-.ft9679E-0^ -.I5U2E-Ö2""-^36D*E-Ö3   "-;H484E-0? 

.14563E-03        .3890lT:rö3     -. 17*6flE-C2      -7792T7TJÖT_ 

-.78302E-03 -.66816E-Ö3      ".IÖ5ft7P-02""-;49?5tC-03 

-.22*13C-02        .203*ÖE-02     -^2^06lC-Ö2     "ZJ^Ut-ö^" 

V21 760E-O2 ~::r72<*b70E-0<i      -.13821E-01     r7r3T9lT-"Ö2 

-.18A30E-02 -.10530E-02        .5Ä496E-Ö4""";il7>flE-02 

-.20882E-02        .*Ö*99E-Ö2'"-.68198E-Ü3""-;129^5E-D? 

.32438E-02 -.3Ö0ME-02       ,l^b2li~02     -'.W'.W-'Öi' 

.3U65E-0* -.l338iE-02        .<»lAb7c-03        .86297F-03   f 

-.23984E-02        .22857E-02      -.16059E-02      -.I0907E-J? 

.22188E-02 ^.2A689E-02    ^TöÖ^bE-OS        .62770E-05" 
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LAMHDAtPSn    FOR   VJI   =      .9t)ü 

0. 
7.30 

15.00 
Z2.30 
30.00 
37.3C 
A.5. JO 
52.50 
60.00 
67.50 
75.00 
Ö2.50 
90.00 
97.50 

105.00 
112.50 
120.00 
127.30 
135.00 
1*2.50 
150.00 
157.50 
165.00 
172.50 
l»0.00 
187.50 
195.00 
202.50 
210.00 
217.50 
225.00 
232.50 
240.00 
247.50 
255.00 
262.DO 

270.00 
27?.JO 

285.00 
292.30 
lOO.OO 
307.30 
il5.J0 
322.50 
330.00 
337.30 
345.00 
352.50 
360.00 

.3'>300SE-0l 

.A123A2E-01 

.^0124Ar-0l 

.<»513t<7E-C'l 

.575CA0C-01 

.629770r-01 

.62 7^35C-01 

.622757E-01 

.5H10^3L-Cl 

.511Ü76F-01 

.3979336-01 

.32A935E-UI 

.3503r8E-0l 
-.105603E-01 
-.121A80E-02 

.6335^3E-02 

.99232AE-02 

.1 19370E-01 

.135129F-01 

.148859E-U1 

.160976E-01 
,1715''JAE-01 
.18Ü8A1E-01 
.188912C-ÜI 
.195956E-0I 
.20202^F-01 
.2070H3E-01 
.211029C-01 
.2136^1E-01 
.21A681E-01 
.213633E-01 
.2096Ö3E-01 
.200970E-G1 
.183917E-0I 
.131204E-01 
.8?980E-U2 
.ll93't7E-02 
.43981^E-0l 
.456505F-01 
.5^9819E-0I 
.609658E-ÜI 
.65887JE-Ü1 
.677l'tAE-C)l 
.61855 3E-01 
.5A0788E-01 
.439627E-01 
.A767A8E-01 
.<r5A590E-Ol 
.393006E-01 
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L&MBDAIPSI)    FOR   FTA   =      .B^O 

0. 
7.50 

15.00 
22.50 
30.00 
37.50 
45.00 
52.50 
60.00 
67.50 
75.00 
82.50 
90.00 
97.50 

105.00 
112.50 
L20.00 
127.50 
135.00 
142.50 
150.00 
157.50 
165.00 
172.50 
180.00 
ld7.50 
195.00 
202.50 
210.00 
217.50 
225.00 
232.50 
240.00 
247.30 
255.00 
262.50 
270.00 
277.50 
285.00 
292.50 
300.00 
307.50 
315.00 
322.50 
330.00 
337.50 
345,00 
352.^0 
360.00 

.327020E-01 

.3669H3E-01 

.3772166-01 

.354524E-01 

.374273E-CI 

.A76039E-01 

.484284E-01 

.5072386-01 

.519439E-01 

.465539E-01 

.A09969E-01 

.345839E-01 

.280900E-01 

.194914E-01 

.2n090E-01 

.3't0384E-0l 

.693205E-0? 

.284771E-02 

.9?353lE-03 

.145817E-03 

.207453E-02 

.A96284E-02 

.727524E-02 

.874531E-C2 

.960222E-02 

.100543E-01 

.101577E-01 

.99172/E-C2 

.945993E-02 

.903670E-02 

.862390E-02 

.754002E-02 

.534030E-02 

.2O0572E-02 
-.264776E-02 

.335883E-01 

.364823E-01 

.342315E-01 

.392416E-01 

.489399E-01 

.504342E-01 

.496072E-01 

.50320aE-01 

.512479E-01 

.456528E-01 

.4051466-01 

.379595E-01 

.37l67^E-0l 

.327020E-01 
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LAMBDA« PS I )    FJR   £(\   =       .7S0 

0. 1 .1H2SISE- -0' 
7. .50 .201353E- • ^l 

15. ,00 .219033E- -01 
22. .50 .31131 >E- -01 
30. .00 .3t»50VtE- -01 
37. .50 .37?45uE -01 
At». .JO .46AU6>)L -01 
52. .50 .Vf017/E- -01 
60. • oO .41339VF- -01 
67. .so .41933AE- -01 
75, .00 .43323 JE- -01 
til. .50 .1 a743E -01 
90. ,00 .334649E- -01 
97. .50 .31748oE- -01 

105. .00 .210^9)E- -01 
112. .50 .209385E- -01 
120. .00 .207185F- -01 
127. .50 .240902E- -01 
135. .00 .23619JE- -01 
1A2, .50 .n972lE- -01 
150. .00 -.940046E- -02 
157, .30 -.135745E -01 
165. ,00 .966265E- -03 
172. .50 .250352E- -0? 
180. .00 .351395E- -03 
187. .50 .220759E- -02 
195. .00 .175090E- -0? 
202. .50 -•391H8E- -02 
210. .00 -.396602E- -02 
217. .50 .3D5269E- -02 
225. .00 .1A6388E- -02 
232. .50 .760257E- -02 
2A0. .00 .1806^1E- -01 
2A7. .50 .4213Ü7E- -01 
255. .00 .369715E- -ol 
262. .50 .333526E- -01 
270. .00 .32I327E- -01 
277, .50 .33H911E- -01 
285. .00 .'♦^184E- -01 
292. .50 .A545L,0E- -01 
300. ,00 .422217E- -oi 
307. ,50 .467704E- -01 
315. .00 .498476E- -01 
322. .50 .3621365- -01 
330. .00 .263378E- -01 
337, .50 .245093E- -01 
345. .00 .2396I2E- -01 
352. .50 .2132215- -01 
360. .00 .182515E- -01 
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LAMBOAlPbl)    FOR   LJU   =      ,6JJ 

0. 
7,10 

15.00 
22.50 
30.00 
37.50 
^5.00 
52.50 
60.00 
67.50 
75.00 
82.50 
90.00 
97.50 

105.00 
112.50 
120.00 
127.50 
135.00 
142.50 
150.00 
157.50 
165.00 
172.50 
160.00 
187.50 
195.00 
202.50 
210.00 
217.50 
225.DO 
232.50 
240.00 
247.50 
255.00 
262.50 
270.00 
277.50 
285.00 
292.50 
300.00 
307.t)0 
315.00 
322.50 
330. 
337, 
J45 
352, 

00 
^0 
00 
50 

360.00 

.145676E-0I 

.1842e,6F-01 

.233^98E-01 

.230OO4F-01 

.207H68f-01 

.187643^-01 

.155022E-01 

.232511C-0I 

.4787l4r-0l 

.42376'4E-01 

.342303E-01 

.334754E-01 

.320067E-01 

.24161 IE-01 

.276467E-01 

.304692E-01 

.2734H8C-01 

.164054E-01 

.117842E-01 

.177455E-ol 

.220762E-01 

.26171 ^C-01 

.2478inE-Ul 

.246358C-01 

.2510S8E-01 

.2^6327E-01 

.31033<»E-01 

.311155E-01 

.2863^!>E-01 

.2772t>7E-0! 

.2804OIE-01 

.29020HE-C1 

.2P5897e-CI 

.256500E-01 

.251185E-01 

.259390E-01 

.3064i>2E-01 

.349176E-01 

.362258E-01 

.3n66üE-01 

.3861Ü4E-01 

.299190E-01 

.230312E-01 

.247650E-U1 

.262140E-01 

.27083 /E-01 

.2R1067E-01 

.211327E-01 

.14^67oC-01 

79 



LAMBDA(PSI) FOR ETA =  .3J0 

0. 
7.50 

15.00 
22.50 
30.00 
37.50 
^5.00 
52.50 
60.00 
67.50 
75.00 
82.50 
90.00 

" 97.50 
105.00 
112.50 
120.00 
127.50 
135.00 
142.50 
150.00 
157.50 
165.00 
172.50 
180.00 
187.50 
195.JO 
202.50 
210.00 
21 1.50 
225.00 
232.30 
240.00 
247.50 
255.00 
262.50 
270.00 
277.50 
285.00 
292.50 
iOO.O'J 
307.bO 
315.00 
322. JO 
330.JO 
337.50 
345.00 
ib2.30 
36 1.00 

.379364E-02 

.357627E-02 

.120355E-OI 

.220645E-01 

.238651E-01 

.22501'»E-01 

.19586aE-C'l 

.180028E-01 

.2033O1E-OI 

.196063E-01 

.182966E-01 

.1R3697E-01 

.212359E-01 

.202705E-01 

.2U1/86E-01 

.18703ÖE-01 

.136fl3*E-Ol 

.449549E-0? 

.1559C9E-0i 

.2^1787F-0! 

.250816E-OI 

.258778E-01 

.27311^E-01 

.267728E-01 

.251949E-01 

.25C856E-01 

.23^62uE-01 

.217737E-01 

.216486E-01 

.20147HE-01 

.20G811E-OJ 

.218215E-ÜI 

.P10326E-01 

.2267Ü4E-01 

.231^n^E-0l 

.239732E-01 

.2^75A1E-01 

.2S05r.8E-Ül 

.25l76^E-0l 

.25061t>r-0I 

.2^3169E-01 

.2M 396C-01 

.2^06A1E-01 

.249R20C-01 

.272602E-0I 

.2 809006-01 
. 1390^3E-0I 
.7a27?'Vr-0? 
.37^36^E-0? 
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if« n-c n-s 

. <VJ -.IVhttlL ül .USJ^lf Ul 

.•to ■ .ifiMtt.l Jl -.* no? re 01 

.no -.65m tr 00 .?M r*of OJ 

.400 -.f»»**ii JO • .irmK 00 

.100 -. )4*401F 00 .1I1A)6F JO 

" i»-c "[*-?" '"H-?'" "H-V" "'IV-c'" L6-^ 

-■>H6ilt   Jl -.l»»*>0t-01 .5H41Tf   JO -.H?405t   OO ,*1*2ltl   OO -.H4T7?t-01 

..,»4»»*f-0l .i4f7J6f   00 -.l**716f   00 -.J?»014€   00 .TI644)f-0l -.»|?>JTf    00 

-.si46iM oo .iiiiirf oo :.*ro6»if op -.?oo?nf oo .*;r5«»r oo t»J99M.99 

./4416>i 00 -.?5f>0»t 00 .iOlOTit   00 -.64^9*76-01 .UIO^U 00 -.*g»*OU-OI 

■.(.;j«11f-01 -.1*»604€ Op -.1464«>F 00 .;04*l*f 00 -.)l42t7f 00 -.6J0/7pf-0l 
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ETA   =      .<>50 

PSI 1(1) L(C) Ldl^HG) L (G»l )-HAKMOi>JICb   tXIK^CTFD 

0. -.l26y*lE 02 .4310*3E   0?             .J04103E   02 .6*5536C   01 
7.50 -.i368<i6E 32 .4*0923F   3?             .30^077f'Ö2   ' '^591962^   01 

lb.30 -.1366«1E 02 .A*76,>2E   02              .J10971C   02 .613929?   01 
22.50 "-.i6l035E J2 .45075ÖE   02             .2897i5§'Ö2" ~3637a2f"Öi 
30.00 -.20b2HVE 02 .44988«.?   02     .244595E   02 -. 112836E   01 
37,50 -.2294o6£ J2 .44490Mro2"          .ZlSilbE   Hi -.<.l5Ä?lf   öl 
45.00 -.232831f 02 .435862E   02             .203032E   02 -.b34689E   01 
52.50 '-.234747E 02 .423027E   J2              ilSÖjSÖÜ   äJ" -^661181?   01 
60.00 -.221887E 02 .406869E   02             .184982E   02 -.657537E   01 
67.50 -.l97n5E 02 .3880365   32 ~ .W)'8S\l'Öi' -;54829tE"Öi 
75.00 -.15467ir 02 .367318E   02             .212647E   02 -.?68417E   01 
82.50 -.126868E 02 .i45TöTEl7I             .2187l')E   02 -.] 3764ir   Jl 
90.03 -.136V78F 02 .323748E   02             .186770E   32 -.382556E   01 
97.50 ;4i2299E 01 .3Ö2663£J02              .343898602' '.1264I6E"ÖJ" 

105.00 .'t72172E 00 .283175E   02             .287847E   02 .776519E   01 
112.56 -.252172e 01 .265?59r   j?             ^^^S^JI   Ö? ;?7Ö8S6C'5r 
120.00 -^378958101 .251032EÜ2    .213137E   02 .156645E   01 
127.50 -.449963E Öl .ITflllE   02              .194220E   02 !    mjTTIl   00 
135.00 -.501439E 01 .230386E   02             .180242E   02 -.8Q0460C   00 
142.50 -;$42435C 01 .22**i*f 02            .I7öl9öt  02 -;i«a5?9f Öl' 
150.00 -.574683E 01 .221097E   02.            .16J629E   02 -.190161E   01 
157.50 -:5^8«67E 01 .2200Ö2C 02            .1601156  02 -;2ÖJ5^iE  OF 
165.00 -.615944E 01 .220701E   02 .159106E   02 -.207706E   01 
172.50 -.626954E 01 .22>722E   02              .16Ü027F   02 -.191862E   01 
180.00 -.632939E 01 .22»615€   02             .162322E   02 -.165457E   01 
187.50 -.634607£"0i .228982E   02              .1655216   Öi "-it5511IE'öl' 
195.00 -.632431E 01 .232506E   02              .169263E   02 -.955410£   00 
202:50 -.6267106 01 .235970E   02              .i?3299E   02'    '   -:5t4394E   00 
210.00 -.617480g 01 :2392S9E   02             .1775UE   02 -.197549E   00 
flTTW -.604550E 0! .2423~59E   02              .1819<J4E   02 .1883936   00 
225.00 -.5873131 01 .245345E   02             .186613E   02 .57V296E   U0 
232.50 -.5641026 Öl .248361E   02 'i191950602" ';iÖÖ936E'ör 
240.00 -.530783E 01 .2516076   02             .198528F   02 .153888F   01 
2*7.50' -.4785u96 01 .255SiiE   02 ".2Ö7462E   02  " "";227985£"ör 
255.00 -.389Ü74E 01 .259722E   02              .220815E   02 .344017C   01 

TS77TÖ -.2!2ö92f Öl .2i5ö7If 02 TTCJSSTl 52 .^54944e ot 
270.00 -.304335t 00 .2715756   02             .266532E   02 .780207E   01 
277:50 -:iI24Ö86 02 .2794Ö9EÖ2 '.i67ÖÖlE'Ö2' '-I2581716'Öl" 
285.00 -.117466E 02 .788698E   02             .171232E   02 -.241299E   01 
292:50 -.1430506 02 .24^5036  02           .15645JP  02 -'.4l6662t'ör 
300.00 -.161017E 02 .311806E   02             .1507896   02 -.503761E   Ul 
307.50 -.177271E 02 .3255026   02             .1482316   02 -.563343E   01 
315.00 -.186158E 02 .340389E   02             .1542306   02 -.541542E   01 
522.50 -:i74ia76 Ö2' .356l6ÖE'Ö2 "IliHTII'??*" "-HWwst'ör 
330.00 -.156288E 02 .372409E   02             .216121E   02 -.131068E   00 
337:50' -:i454Ö8E'02 .3886316   02            :243223E'Ö2" "205892l'Ör 
345.00 -.145599E 02 .404242E   02 .?58643E   02 . 304686E   01 
352.50 -.1427906 02 .41fl&öö6 02          .275öo3E 02 .4191446 01 
360.00 -.126941E 02 .431043E   02             .304102E   02 .645536E   31 
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ETA   -      . 850 

PSI Ld) UGJ L(I»♦LICI UG»I )-HAR MON 

0. -.9<.5r»«6fc 01 .37M101 J2 .279^023 02 .32/050L 01 
7.50 -.109315E D2 .386418C 02 .277103E 02" ^226296F 01 

15.00 -.n565<iC 9? .3962<.4r 02 .280590E 02 .2066856 01 
22.50 -.111683E J? .<»030dlC 02 .29139R2 02' .28*162f 01 
30. JO -.l?0fl90F 02 .<.065*3F 02 .285653E 02 .221199E 01 
37.50 -.l572aiC 0 2 .<.06398E 02 .2*91166 02 -.12*8886 01 
*5.00 -.163244E 02 .*0251«i^ 02 .239350F 02 -.180*0*6 01 
52.30 -.173956E 02 .39527ir 02 .221315E 02" -.2991626 01 
60.UO -. I80708F 02 .38A755C 02 .20*0*86 02 -.3955356 01 
67.SO -. l637aBE 02 .371540E 02 .207752E 02 -.2731976 01 
75.00 -.l'.5*09E 

-.123263E 
02 
02 

.356253C 

.3396pe 
02 
02 

.2108**6 02 -.15*256E 01 
82.50 ~    .?16 3*8T 5? -.U7?8Tr "ÜÖ 
<>0. JO -. 100281E 02 .322371E 02 .2220906 02 .1177186 01 
97.50 -.69<.708f 01 .305260? 02 .235797C Ö? .31561« 01 

105.00 -.1032*5F 02 .28897/f 0«: .185 728t 0? -,l*197*E 31 
112.50 -.119755E 02 .27*0<.0E 02 .15*2856 0? -.*^2792f 01 
120.00 -.?MI59E 01 .260883? 02 .2367A7E 02 .3961776 01 
127.T.0 -.^766I7E 06' .2A9752E 02 .239 ;86E 02 '.*i*fi4rr "01 
135.00 -.3n307E 00 .2*0733E 02 .23762CF 02 .363*066 01 
1*2.50 -.<.81775E- -01 .233759E 02 .2332    rr 02 .2825856 01 
150.JO -.670072E 0Ü .228637E 02 .2219366 02 .1276106 01 
157.50 -.1563ME 01 .225080E 02 .209**66 0' -.3730156 00 
165.00 -.223059E 01 .2227*8? 02 .200**26 02 -.160:1*F 01 
172.50 -.260502F 01 .221286E 02 .195236: 0? -.2335676 01 
180.00 -.27750<.E 01 .220362E 02 .1926126 0? -.2656036 01 
187.50 -.2816<»5C •)1 .21969^E 02 .1915336 i)2 -.26*6036 01 
195.00 -.2/5681E 01 .219C85F 0? .191517E 02 -.23*7*96 0! 
202.50 -.260802E 01 .218*0<.F 02 .19232*6 or -.1793696 01 
210.00 -.2*1?28F 01 .217622E 02 .193*99E 02 -.105J72F 01 
217.50 -.223753E 01 .2167eflF 0? .19**1?E 02 -.2261296 0(» 
225.00 -.207/64F 01 .216019E 02 .1952*36 02 .662Ö01F 00 
232.50 -.177230E 01 .215489F 02 .197/666 02 .1 /*128[ 01 
^0.00 -.122886E 01 .215'«06E 0? .2031176 02 .3071956 01 
2'»7.50 -.<.536*7C 00 .215999E 02 .211'»626 02 .*62229r 01 
255.00 .591290E ÜÜ .217500F 02 .223*136 02 .6*09inE 0! 
2^2.5^0 -.788^71? 01 .220132E 02 .l*1275c 02 -.1 W*13[ 01 
2/0.00 -.806259E 01 .22*0P<»E 02 .1*3*686 o; -.91*2366 oo 
277.50 -.758507E 01 .22955*E 02 .153703E 02 .I/»OJ3J: 0 i 
285.00 -.876333E 01 .236636E 02 .1*90036 02 -.515595: OU 
292.50 -. IIO^OE 02 .2*5<.l 3E 02 .13*7226 0? -.23*6856 01 
3U0.OO -. I16U5*E •J? .255a90E 02 .1398356 0? -.2/.**336 01 
30 7.50 -. 11660 3E 02 .268000E 02 .151397E 02 -.20fll9ör jl 

315.00 -.121231!: 02 .2P1592E 02 .160361E 02 -.2135256 01 
322.50 -. 126«92E 0 2 .296*19E 02 .169527C 02 -.228676t 01 
330.00 -. 116-1.15E 02 .3l214rjE 02 .1957256 02 -.809815E Of 

337.50 -. 1065<i*E 0 2 .328319F 02 .2217756 02 .626*8^6 0 ) 
3*5.JO -. 108A50F 0 2 .3<.<.<.37E 02 .235987. 02 .9(i53*56 Ov 
352.50 "-.lOAUSE 0 2 .35900^ 02 .25579*6 0? .1B2287F" 01 
360.00 -.945U86E 01 .374110F 0? .2796026 02 .3270506 01 
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Era .    .75 0 

«1 L( II UGJ LUMUG) L (MI 1-HrtRMONir.S EXTPA 

0. -.A65M2E 31 .3127576 0' .2662166   02 .208173f   01 
7.50 -.531323E Jl .326656E 0? .2735236   02 .192393?   01 

15.00 -.597083E 91 .338694E 0? .2789866   0? .192080r   01 
22.50 -.H7A877E öl .3A835iiE 0? .26086/6   02 -.8Uft77C-or 
30.00 -.102608E ö? .355?:4E 0? .2t)26066   0? -.756615C   01 
?r.5o -.in393E 0? .35a':7AE 02 .2485816   C? ' -^senoat Oü 

_. 

45.00 -.140t49E 02 .359494E 02 .218846E   J2 -.290309!!   01 
52:50 -.l3599i:E 0? .3560026 0? .2208106   02 -.I744ö5r   Jj 
60.00 -.129760E 0? .351095F 02 .2213346   02 -.598790r   00 

"St.50 -.133274E n? .342723F 02 .20944V6   02 -.64B33fE   30 
75.00 -.138932E 

-.123081E 
0/ 
0? 

.332170E 

.3200066 
02 
02 

.1932386   02 -.117215E   01 
82.55 .I969?ir 02 •T706126   00 
90.00 -.108092E 32 .306850E 02 .19875flE   02 .113488C   01 
9f.50 -.i02363E ')? .293316P 02 .1909536   02 .890518t   OÜ 

103.00 -.676611E 01 .279971E 0? .212310E   02 .3288116   01 
112.50 -.667063E 01 .267295E 32 .2005896   02 ";209866E   01 
120.00 -.650332E 01 .255651E 02 .190618E   02 .825478^   00 
12?.55 -.744262E 01 .2452706 32 .lf0ff*4f U?- -.T6428^E   91 
135.00 -.7158')2E 01 .2362486 02 .164663E   0? -.29CJ324F   01 

K2.5Ö -.59l9^vE 01 .228556E 02 .1693606   02 -.3149UE   01 
150.00 .2716nE 01 .222064C 02 .249231E   02 .413418F   01 
15?.50 .437fct8E 01 .216567E 3? .2603356   02 .4637906   01 
165.00 -.263403E 00 

00 
.2118226 
.2075806 

02 
02 

.2091886   02 -.908185E   00 
lt2.50 .2009746   02 -.r92f6ÖE   Ol 
180.00 -.896056E- 

-.543343E 
-01 
00 

.203617f 

.1997596 
32 
02 

.2027216   02 

.1943256   0? 
-.lt)5453F   01 

IB?.5Ö '-'.2095326   31 
195.00 -.415665E 00 .1958946 02 .1917376   02 -.165115E   01 

'202:50 .895641E 00 .1919836 02 .20094ÖE   52" .24999^6   00 
210.00 .876491E 00 

"50 
.1880616 
.1842226 

02 
02 

.1968266   02 .104919E   01 
2i?r5^r -.&52058r .1777016   02 .5ni52E   00 
225.00 -.3Ü2900E 00 .lPa6136 02 .1775846   0? .195900E   01 
232.50 -.152851P 01 .1774176 32 .1621326   02 .l8?2iS6 Öl 
240.00 -.3542r6E 01 .1748406 0^ .1394126   02 .972672E   00 
2*?;5Ö -.309653E 01 .1730936 02 .9212736   Ol -.2553536  Öl 
255.00 -.699934E 01 .1723846 02 

0? 
.102391E   02 -.566171E   00 

2ft2.50 -.625^15? Dl ~ .T72^löf .11034&E 0? .ftfl9<iö56 oo 
270.00 -.6008d2E 01 .1748456 02 .1147576   02 .164966E   01 

-2??.5Ö -.&55?35E 01 .178340E 02 .1147666   62 .1604076   51 
295.00 -.840916E 01 .183511E 02 .9941946   01 -.346072E   00 
292.50 -.9?34?8f 01 .1904366 02 .103088?   02 "-".74925^   ÖÖ  
300.00 -.828010E 

-.44ö32?E 
01 
oi 

.199144E 02 .1163436   02 -.512315E   00 
3(Jt.5Ö .?^404E 02 .1155126   02 -.195031E   31 
315.00 -.103143E 02 .221715E 02 .118572E   02 -.321982E   01 
«2.55 -.77353?! 01 .2352941 02 .i5?94ÖE"J2' ' -.988328E   00 
330.00 -.582065E 01 .250072E 02 .1918656   02 .6427006   00 
35t.50 -.56i204E ol .2656§7E 02 .2095666   02" ".677939600' 
345.00 -.56818396   01 

--.52*?99rin 
.2816946 02 .2248106   02 .5755736   00 

352.50 .24?5?4r 02 .245045E  02 .llil5of Öl 
360.00 -.465412E 31 .3127576 02 .2662166   02 .208173E   01 
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ETA   -      . 600 

PSI Llll 

0. -.297178E 01 
7.50 -.392258E 01 

15.00 -.517*30E 01 
22.D0 -.t)?9060E 31 
30.00 -.<.9<»726E 01 
37.50 -.*60<i69E 01 
45.00 -.3907'i*E 01 
52.D0 -.599757E 01 
60.00 -.I258*9E 02 
67.50 -.113070E 02 
75.00 -.923133C 01 
62.50 -.908583E 01 
90.00 -.870593E 01 
97.50 -.655777F 01 

105.00 -.7*5572E 01 
112.50 -.812990E 01 
120.00 -. 71 8971E 01 
127.50 -.<.i'31 7*E 01 
135.00 -.297Ü61E 01 
1*2.50 -.435*66E 01 
150.00 -.525M4E 01 
157.50 -.602009E 01 
165.00 -.5*91*7E 01 
172.50 -.52**37E 01 
180.00 -.512159E 0 1 
187.50 -.519669E 01 
195.00 -.579*63E 01 
202.50 -.553786E 01 
210.00 -.<.e6787E 01 
217.50 -.*50831E 01 
225.00 -.'.37192E 01 
232.50 -.*35*63E 01 
2*0.00 -.*l*865E 01 
2*7.50 -.362116E 01 
255.00 -.3*7*31E 01 
262.50 -.35A280E   01 
270.00 -.41677*E 01 
277.50 -.*76911E 01 
285.00 -.501065E 01 
292.50 -.524696E 0 1 
300.00 -.560277E 

-.<»*89<»0E 
01 

307.50 01 
315.0C -.359095E 31 
322.30 -.402690E 01 
330.00 -.'t<.5638E 01 
337.50 -.*82029E 01 
3*5.00 -.523910E 01 
552.50 "-,.^i?350E 0 1 
i60.00 -.?97l78E 01 

UG) i (I )niG) L (&♦! »-HftKKDNICS   FXl'4CUr 

.21868BE Ok 

.233*00E 02 

.2*7101E 02 

.259281E 02 

.2'>9*90E 02 

.27?3^E 52 

.282659E 02 

.285260E 02 

.285201E 0? 

.2e26'.7F 0? 

.277885E 02 

.271291? 02 

.263296E 0? 

.25*3*9C 0? 

.2<i'.e76E Ok 

.235251E 02 

.225770E 0? 

.216636E 0? 

.207V5KE 02 

. 199759^ 02 

.191992E 02 

.lb«56?E 0? 

.177356E 02 

.17026<.E 02 

.16320UE 07 

.156127E 0/ 

.1*9036F 0? 

.1*1997E 02 

.135108E 0? 

.128506E 0? 

.12?3*9F 02 

.116809E 0? 

.112C5AE U? 

.1082*5E 02 

.105531E 0? 

. 10*0**F 152 

. 1039Ü*E 0? 

.105217E 02 

.108076E 0? 

. ll25b9E 0? 

.118719E 02 

. 1265B1E 02 
.136122E 02 
. U7260E 0? 
.1598*2F 0.- 
.173634E 0/ 
.ie8316E 0? 
.?Ü3<.8')E J? 
.2186aHE 0«" 

.188970E   02 .150739E   01 

.19*175E   02 '.89094?t   00 

.195358E   02 .2512*7F-01 

.206375E   02" .33Ö529E   OC 
.22Ü018E   02 .111288E   01 
.T3Tir8r err .1*415^ or 
.2*3580E   02 .3C.O&77F   01 
.22528<E   02 ;i27976E   01 
.159352E   02 -.500050E   01 
.I69577e   02' "-'. 549219E   51 
.185572E   02 -.127356F   01 
. i8(K57r 57 -.107^^t~Tr 
.17623BE   02 -.744b71F   00 
.I88771f   02 .1266l6f   01 
.170319E   02 .1*8582E   00 
.153^52?   02' "-;81*90b!:   ÖC 
.153a73E   02 -.217<i5he   00 
. I 7* 319r a 771^79 3 c~5T 
.178252E   0? .3231*OF   01 
.156212E oi :iwi7n 01 
.139*50E   02 .19*52*F   00 
.I2*36lf   0? -.89?d3r>C   Öu 
.122**1E   02 -.6**230E   00 
.U7820E   02 -.61225bE   00 
.11198*E   02 -.640609F   00 
.iÖ*i5^f   ö? "-".8Ö3?2/.E   ÖC 
.911892E   01 -.1<.2Ü16F   01 
.866i85!"ör -.115217E   01 
.86*2956   01 -.*22537E   00 
.83*226E   Öl .2136*7E-01 
.786300t   01 .252u6'tF   00 
.732626E   01 .359095E   00 
.70567*E   01 .636996F   00 
.72033eE   01 .120/70E   01 
.707880E   01 .136133F   01^ 
.686i62f_5r_ .12592'JF-Jl 
.622266E   01 .56052bE   00 
.575257?   Öl -.1505G'JF   00 
.579695E   01 -.529*07f   00 
.600889?   0! -.919528E   öö' 
.626916E   Ot -.1*310üF   01 
.816872E   01 -.460536E   00 
.100212E   02 .323887F   00 
. lubiiitOl' "-Ii82*K?E   OÖ' 
.115278E   02 -.6256*dF   00 
.1254316   02  ' -".936821^00' 
.135925F   02 -.123032F   01 
.TOr5*E ö2 .MB*ne-o\ 
.188970E 02 .150r39E 01 
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EfA   -      . 300 

Hi) LICI PSI L( n*L (G) L(G*n-MARMONiCS   EXTKÄCtED 

0. -.386951C   00 .585480E   01 .546785E   01 .I38397E   01 
7.50 -.396522E   00 .692331E   01 .652679E   01 .153280F   01 

15.00 -.1<.39*4E   01 .80Z883E   01 .fe58939E   01 .6'.8721E   00 
22.50 -.2B2-*7bt   01 .913314E   01 .63Öä<.ÖE   Öl -.5M0377E   00 
30.00 -.32*565E   01 .101961E   02 .6950^E   01 -.8506A9E   00 
17.50 -.i»66Öf   Öt .lll?87C   OJ .795?Ö9E   01 -.689296E   ÖÖ 
♦ 5.00 -.293965E   01 .120461F   02 .9106A2E   01 -.270b7bE   00 

■52:50 -.2fl07*9E   01 ".i27700E   02 .9962<.7E   Öl "-:2Ö3Ö8ll-öl 
60.00 -.327091E   01 .133305E   Ü2 .100596E   02 -.3e02l6E   00 
67.50 -.324*77E   01 . 137169E   02 .10W21E   02 -.267006E   00 
75.00 -.306802E   01 .139277E   02 .108597E    02 -.207579E-01 
82.50 -.311216E   01 .1396^   0? .IÖ8572E   0> -.137635E-01 
90.00 -.361U11E   01 .ISBS^üt   0? .102'.<.9E   0? -.'.79387t   00 
97.50 -.3<.3419E   01 .I36018E   02 .101676E    02 -.29ÖÖ7CE   Oö 

105.00 -.338361E   01 .132293E   02 .98A574E    01 -.244843E   00 
112.50 '-;3Ö828ÖE   Öl .127571E   02 ".96 7A3 1E   öl' r323ifl8£-öl 
120.00 -.220151E   0! .122032E   02 .100017E    02 .872344E   00 
127.50 -.701063E   00 .115331E   0? .lü882uE    0^ .23U79E   01 
135.00 -.23399<.E   01 .109097E   02 .856977E   01 .602251E   00 
142.50 '-.55J573C  öl .1Ö1932£   02 .68605?E   Öl "   -:4?.9ft59E"ÖÖ 
150.00 -.3M110E   Dl .944231E   01 .603120E   01 -.65e25*E   00 
I57.5Ö -.331294^   Öl :866*79E   Öl .!>i5l85E   Öl '-.67294örÖ0 
165.00 -.326«S*9E   01 .786901E   01 .«60252E   01 -.749371E   00 
172.50 -.?968*6E   01 .706457E   01 .409bUE   01 -.582553E   00 
180.00 -.256988E   01 .6262R0E   01 .369292E   Ül -.321713E   00 
187.50 -.233608E   01 .5*7675E   01 .314067E    01 -.230243E   00 
195.00 -.198020E   01 .«72062E   01 .27*042e   01 -.192805E-01 
iöi.™ -.i65431E   Öl ".♦ÖÖ884E   öl .2 3545 3E   öl .161253E   00 
210.00 -.1*7211E   01 .335481E   01 .188270E   01 .199853F   00 
217.50 -.12210*E   01 .276964E   01 .15A860E   01 .311353E   00 
225.00 -.108271E   ül .226li3E   01 .117842E   01 .31(^82E   00 
252.50 -.IÖ4857E   01 .1833Ö8E   öl .78451SE   00 .226093E   00 
2^0.00 -.906720E   00 .M8524E   01 .578517E   00 .25A378E   00 
247:50 -.Ö881AÖE   Ö0 .1213/8E   01 .',256<.Q6   00 .172562E   00 
255.00 -.840687E   00 .101245E   01 .171764E    00 .13<.R40f   00 
262.50 -.Öj9ö5Af   ÖC .874059E   ÖO .«502A9E-01 ^B^OIOE-Ol 
270.00 -.8M6ME   00 .792200E   00 -.<.9<.<.0AE-Ol .I63800r-0l 
277:50 -.866473E   00 .762918E   00 -.lü3!>^0E   00 -.379062E-01 
285.00 -.9IA331E   00 .7860Ü3E   00 -.128327E   00 -.9<.3'.31E-01 
292:50 -.98ldl4E   00 .865711E   00 -.116103E   ÖÖ -.1A9U30E   00 
300.00 -.104831E   ül .101073E   01 -.375/57E-01 -.18l29<iE   00 
307.50 -.115995E   01 .123336E   01 .73406AE-01 -.2376771:   00 
315.00 -.129747E   01 .I5<.789f   01 .?S0'.?6E   00 -.299779C   00 
322.50 -.151402E   01 .I96tt5ir    01 .Ar)<,A90E   00 -.<.??ionr 00 
330.00 -.185369E   31 .250679F   01 .6b3U98E    Oo -.6S0<.9Hr   00 
337.50 -.213421E   01 .316933E   01 .103S12E    01 -.fl04B<.9r   ÜC 
3*5.00 -.1173S3C   01 .395563E   01 .?78^11E    01 .?9A393r   00 
i52.5Ö -.728910E   00 .485676E   öl .'.l^/BSE   01 .8B71B6C   00 
360.00 -.386951E   00 .585A79F   01 .'JA6784E    01 . 1 38397r   01 
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